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GEOLOGY OF THE ARKANSAS BAUXITE REGION

By MACKENZIE GORDON, JR., JOSHUA I. TRACEY, JR. and MILLER W. ELLIS

ABSTRACT

The Arkansas bauxite region lies near the center of the State 
in Pulaski and Saline Counties. It is irregular in outline, cover 
ing about 275 square miles and is elongate in a northeasterly 
direction. Bauxite deposits in the region can be grouped into 
two principal districts, one in Pulaski County about 5 miles 
south of Little Rock, and the other, more important com 
mercially, about 25 miles southwest in Saline County.

The bauxite deposits lie entirely within the Gulf Coastal Plain 
province a short distance southeast of its boundary with the 
Interior Highlands province. The surface rocks in this part of 
the Gulf Coastal Plain are early Tertiary sand and clay. The 
topography consists of gently rolling hills that are less than 200 
feet above the valleys. The maximum relief is about 340 feet. 
The lowest point, on Fourche Creek, is about 240 feet above sea 
level, and the highest altitude, on Alexander Mountain 15 miles 
to the southwest, is 580 feet.

The rocks underlying the Interior Highlands province at the 
northeast edge of the bauxite region are folded sandstone and 
shale beds of Paleozoic age. North and northeast of Little Rock 
the topography consists of flat to rounded ridges and broad to 
narrow valleys. This area merges southwestward into a region 
consisting of prominent straight ridges and narrow valleys, 
generally trending northwestward. The Paleozoic rocks gen 
erally are increasingly old and more tightly folded to the south 
west. The line of demarcation between the Interior Highlands 
and Gulf Coastal Plain physiographic provinces is the contact 
between the hard rocks of Paleozoic age and the soft beds of 
Tertiary age to the southeast.

The Coastal Plain includes marine and nonmarine strata of 
Paleocene and Eocene age, gravel of late Tertiary and Qua 
ternary age, and terrace deposits and alluvium of Quaternary 
age. The Tertiary sediments rest unconformably on rocks of 
Paleozoic age and on intrusive masses of nepheline syenite of 
probable Late Cretaceous age. These strata lap over and around 
the resistant masses, particularly the nepheline syenite, parts of 
which remained exposed as hills throughout much of their 
history. The Tertiary strata generally strike northeastward 
and dip gently southeastward, although this has been modified 
locally by compaction.

The Midway group, which is divided into two formations, 
consists of dominantly marine sediments of Paleocene age. 
The lower one, of interbedded gray marly clay and sandy lime 
stone containing local conglomerate, is the Kincaid formation. 
The upper one, consisting essentially of blue-black or dark-gray 
clay, somewhat calcareous at the base, is the Wills Point for 
mation.

The sediments of Eocene age are dominantly nonmarine and 
overlie unconformably those of the Midway group. Most of 
these continental beds have been referred to the Wilcox group,

which in this area is divided into three formations. The lowest 
is the Berger, which consists mainly of interbedded gray silty 
clay, greenish-gray sand, and lignite. Fringing the buried 
nepheline syenite hills, a facies of weathered detrital kaolinitic 
clay that contains many bauxite bodies is included in the Berger. 
The overlying Saline formation includes a lower meraber of 
chocolate-brown silty to sandy clay and an upper member of red 
ferruginous sand. Along the upland of Paleozoic rocks r, gravel 
and sand faeies is present in the Saline. The uppermost of the 
Wilcox formations is the Detonti sand, a gray to tan sand con 
taining scattered clay beds. In the southwestern part of the 
bauxite region an extensive bed of lignite occurs at the base of the 
sand.

Later Eocene strata are represented locally by nonmarie and 
marine beds, mostly sand, clay, and some lignite, of the Clai- 
borne and Jackson groups. It is possible that regional studies 
will later prove that the Wilcox in the Arkansas bauxite region 
should be restricted to the Berger formation and that the Saline 
formation and Detonti sand should be transferred to the Clai- 
borne group. The writers are following usage in the present 
classification of the rocks.

The outcrops of the nepheline syenite and related igneous 
rocks associated with the bauxite in this region are th<? more 
elevated parts of cupolas of a batholith of feldspathoidal igneous 
rock. These igneous rocks were intruded into sediments of 
Paleozoic age, the youngest of which are probably Pennsyl- 
vaiiian. Subsequent erosion exposed parts of the igneous mass, 
some to prolonged weathering, and some to be buried by sedi 
ments of Paleocene and Eocene time. Two coarse-grained 
varieties of the nepheline syenite are the principal source rocks 
of most of the bauxite. These are the nepheline syenite that is 
locally known as "gray granite;" and pulaskite, the so-called 
blue granite.

Bauxite in the region occurs as discontinuous blanketlike 
deposits over the weathered surface of the nepheline syenite 
hills and as lenticular deposits resting unconformably on the 
gently sloping surface of the Wills Point formation near the 
break in slope where it comes in contact with the igneous rock. 
Secondary deposits similarly tongue into stratigraphically higher 
units. Bauxite formed almost entirely from the nertheline 
syenite rocks in place or from detritus derived from these, rocks. 
The deposits may be classified into four types.

Type 1. Residual deposits on the upper slopes of partly 
buried nepheline syenite hills. These deposits have a lower 
zone preserving the granitic texture of the original rock, and an 
upper concretionary zone.

Type 2. Deposits in the bauxite-kaolin facies of the Berger 
formation. This facies lies on lower slopes which are cut into 
the Wills Point formation (Paleocene) and forms part of the 
edge of the Berger formation (lower Eocene). The deposits have

452763 5
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a lower zone locally preserving fragmental clay textures, a thick 
concretionary zone above, and commonly a siliceous "hardcap" 
upslope. They grade into kaolin laterally and vertically.

Type 3. Bedded deposits of the Berger formation. These 
alluvial deposits are composed of stratified, sorted, or crossbedded 
pebbles, pisolites, and grains of bauxite. They characteristically 
truncate, overlie, and fill channels in type 2 deposits.

Type 4. Conglomerate deposits at or near the base of the 
Saline formation. They consist of rubble deposits of large and 
small fragments of bauxite and clay largely derived from type 1 
deposits and generally lie a short distance downslope from the 
type 1 deposits.

Types 1 and 2 deposits are the most extensive and are almost 
equally important commercially. Types 3 and 4 have provided 
ore in a number of mines, but neither is of primary commercial 
importance.

In Arkansas the type 1 bauxite originated directly from the 
nepheline syenite by subaerial weathering under certain restricted 
physical-chemical conditions. The lower part called granitic 
bauxite or "sponge ore" shows a striking similarity in texture 
to the nepheline syenite. Pseudomorphs of microcrystalline 
gibbsite after feldspar are common and are characterized by large 
relict crystals marked by groups of parallel linear cavities. The 
upper part has acquired a pisolitic texture through redistribution 
of gibbsite. The kaolin between the bauxite and the nepheline 
syenite did not form as an intermediate stage in this process but 
was derived from the igneous rock by later weathering when 
conditions favored the formation of kaolin.

Downslope, the type 2 deposits formed in place by the sub- 
aerial weathering of a colluvial detritus washed down from the 
nepheline syenite. The type 3 and 4 deposits originated from 
the other two largely by mechanical erosion and deposition some 
what down the slope.

The primary mineral in Arkansas bauxite is gibbsite, aluminum 
trihydrate. The chief impurities are silica in the form of 
kaolinite and sand, and iron in the form of siderite, hematite, 
goethite, magnetite, and pyrite. Boehmite occurs rarely. The 
titanium minerals, ilmenite, sphene, anatase, and rutile, occur 
in minor amounts.

Spectrographic study indicated a significant concentration of 
gallium and niobium in the bauxite compared with the nepheline 
syenite. This concentration is in accordance with the ionic 
potential of these elements. It also showed a concentration of 
chromium, copper, molybdenum, zirconium, titanium, scandium, 
vanadium, beryllium, manganese, yttrium, and lead; and a 
depletion of strontium, lanthanum, barium, calcium, and 
magnesium.

Bauxite was first identified in Arkansas in 1887 by J. C. 
Branner, then State geologist. In order to stimulate production 
of the ore, a description of the rock was published in 1891. 
However, bauxite mining was still in its infancy in the United 
States and remained centered in Georgia and Alabama until 
1898 when commercial production in Arkansas began. By 1903, 
however, Arkansas had become the leading producer in the 
United States, a position never since relinquished. The largest 
annual production from the region was 7,053,028 long tons in 
1943. Total estimated production of crude bauxite from 1896 
through 1949 is about 32 million long tons.

Open-pit mining is the preferred method in the region and, 
until the late twenties, was the only one used. Before 1927, 
the greatest amount of overburden stripped to reach ore was 80 
feet. Owing to exhaustion of most of the shallow ore and costs 
of stripping the deeper deposits, several underground-mining 
methods were introduced. In the late twenties and early thirties 
about 60 percent of the bauxite production came from under

ground mines. More recent improvement of earth-moving 
equipment and the necessity during World War II for exposing 
the largest volume of ore in the shortest possible time led to a 
renewal of strip-mining on a large scale. During the forties, by 
far the greater proportion of bauxite came from op-^n-pit mines. 

Reserves in the region in 1950 are estimated at about 70.7 
million long tons averaging 50 percent alumina and 9 percent 
silica, but assuming no cutoff on iron. Of this tote 1, about 62.6 
million tons occurs in Saline County, and 8.1 million tons in 
Pulaski County. Most of the ore remaining in Pulaski County 
occurs in deposits containing less than 500,000 torn. In Saline 
County, however, a major part of the reserves is in deposits that 
contain more than a million tons in place.

INTRODUCTION

Investigation of the Arkansas bauxite region was 
undertaken primarily as part of a cooperative explora 
tion program of the U. S. Geological Survey and the 
U. S. Bureau of Mines during World War II to add to 
the bauxite reserves of the United States. The U. S. 
Bureau of Mines has released data derived from the 
drill holes, their location and brief logs and analyses of 
the bauxitic and kaolinitic rocks (Malamphy and others, 
1948).

This report offers a more complete geo^gic inter 
pretation of drill-hole data as well as of other informa 
tion assembled in the course of field investigations by 
members of the Geological Survey field party. It is 
concerned principally with the program of exploration, 
the stratigraphic occurrence and geologic relationship 
of the bauxite deposits, and with the reserves discovered.

LOCATION OF ABBA

The Arkansas bauxite region lies in Filaski and 
Saline Counties near the center of the State (fig. 1). 
The area that was mapped in connection with the study 
of the bauxite deposits is irregular and is elongate 
northeastward. It extends from longitude 92°37/30// 
W. to 92°12 /30// W. and from latitude 34°45/ N. to 
34°2S/ N. The total area is about 275 square miles.

The bauxite mines in this region can be grouped 
into two principal mining districts, one in Pulaski 
County and the other in Saline County. r^he Pulaski 
mining district is about 5 miles south of the city of 
Little Rock and consists of bauxite deposits that lie 
a short distance southwest, south, and east of the 
nepheline syenite outcrop of Granite Mountain (some 
times called Fourche Mountain), between Berger and 
College Station in Pulaski County. The Ss line mining 
district includes the bauxite mines and deposits asso 
ciated with two separate partly-buried hu> of nephe 
line syenite in Saline County. The smaller and more 
northerly of the two, the Alexander Mountain nepheline 
syenite hill east of the town of Bryant, has bauxite 
deposits on the west, south, and east sides, About 2 
miles to the southwest is the larger Saline County nephe-
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line syenite hill that crops out in the vicinity of the 
town of Bauxite, where the largest ore bodies and 
mines in the bauxite region are found.

CULTXTBE

Little Kock, largest city and capital of Arkansas, 
with a population of about 100,000, lies in the northeast 
corner of the region. It is the business and industrial 
center for most of the state. Industry in the rest of 
the region, except for the bauxite mining activity, is 
chiefly agriculture and, to a lesser extent, lumbering. 
East and southeast of Little Kock are the flat flood 
plains of the Arkansas River, fertile farmland where 
cotton, corn, and rice are the principal crops. South

west of the city along the belt wheie the lower part of 
the Tertiary formations crops out, about 15 to 20 
percent of the land is in cultivation. In the area south 
of this belt, not more than 5 percent is farmed. Much 
of the land is held by lumber companies for a future 
timber and paper-pulp supply.

Of the smaller towns, the two principal ones are 
located in the western part of the area. They are 
Benton, a town with a fairly large lumber industry 
and extensive gravel pits, and Bauxite, a mining town. 
During the war the largest alumina plant in the world 
was built at Hurricane Creek by the Defense Plant 
Corp.

The principal lines of communication follow the

MISSOiURI _ . I__    _

FIGURE 1. Index map showing the location of the bauxite region and physiographic provinces of Arkansas.
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region's general southwesterly trend. These include 
the main trunk lines of the Missouri Pacific and the 
Chicago, Rock Island, and Pacific Railroads which 
pass through or near the principal mining districts. 
Spur lines and one spur railroad, the Bauxite and 
Northern which joins the Missouri Pacific Railroad, 
lead to the bauxite drying plants and the alumina 
plant, and also to the timberland south of the bauxite 
region.

Paved roads connect the principal towns and the 
mining centers in the area. A network of improved 
gravel roads also serves most of the bauxite region. In 
the Saline mining district some roads are maintained by 
the mining companies. Unimproved county roads, 
many along section or quarter section lines, give access 
to nearly all parts of the region except in periods of 
heavy continuous rainfall.

PHYSIOGRAPHIC SUBDIVISIONS AND TOPOGRAPHY

Little Rock is situated on the boundary between two 
major physiographic provinces, the Gulf Coastal Plain 
and the Interior Highlands (fig. 1). This boundary 
trends northeastward through Arkansas and is a rela 
tively abrupt break in the general surface conformation 
of the land. The bauxite deposits are southeast of the 
boundary and entirely within the Coastal Plain.

The Interior Highlands province has two major 
subdivisions within the area covered in this report, the 
Arkansas Valley and Ouachita Mountains provinces. 
North and northeast of Little Rock, including much of 
the area upon which the city is built, is the Arkansas 
Valley that extends from the edge of the Coastal Plain 
westward into eastern Oklahoma. The valley is 
characterized by somewhat flat to broadly rounded 
ridges and broad to narrow valleys with bluffs cut in the 
sandstone and shale of late Paleozoic age that flank the 
Arkansas River. In the environs of Little Rock the 
maximum relief is about 300 feet, the low point is 225 
feet above sea level on the bank of the Arkansas River 
at the northeast edge of the city, and the high point 
about 525 feet above sea level about 2 miles northwest 
of Douglasville.

The boundary between the Arkansas Valley and the 
Ouachita Mountains is placed slightly west of Douglas 
ville, along Brodie Creek and its tributary, Panther 
Branch (pi. 1). The boundary between these two sub- 
provinces is not sharp and the different types of topog 
raphy merge somewhat. The Ouachita Mountains 
province extends westward across Arkansas into Okla 
homa. Along the north edge of the bauxite region the 
Ouachita Mountains province consists of prominent 
straight ridges and generally narrow valleys, most of 
which have marked northwesterly trends. This topog 
raphy, developed on the older tightly folded rocks of

Paleozoic age, reflects in general the vagaries of the 
structure of these rocks. The maximum relief is about 
450 feet. The lowest point, 250 feet above rea level on 
Fourche Creek, is just south of DouglasviF^, and the 
highest, slightly more than 700 feet, is near Twin Spring 
in sec. 10, T. 1 N., R. 14 W., several miles outside the 
mapped area.

The Coastal Plain likewise has two principal sub 
divisions in the area studied, the West Gulf Coastal 
Plain and the Mississippi Alluvial Plain (fig. 1). The 
West Gulf Coastal Plain is the most important region 
of the physiographic subdivisions for within its limits 
are the bauxite deposits of Arkansas. The surface 
rocks are early Tertiary sand and clay, and the topog 
raphy is fairly gentle. Most of the low rolling hills 
stand less than 200 feet above the nearby valleys, and 
the maximum relief is about 340 feet. The lowest point 
is about 240 feet above sea level, on the western arm of 
Fourche Creek, at the southeast corner of Little Rock, 
and the highest one is slightly more than 580 feet at 
the north end of Alexander Mountain, abont 12 miles 
to the southwest. Granite Mountain, a prominent 
bifurcate northeasterly-elongate hill of iiepheline sye 
nite rocks, about 2 miles south of Little Rock, reaches a 
maximum altitude of 536 feet. The nephe^e syenite 
outcrop just south of Bauxite reaches an altitude of 
slightly more than 500 feet. Most of the bauxite de 
posits are in the areas immediately surrounding these 
crystalline masses.

The Mississippi Alluvial Plain extends eastward from 
the west edge of the flood plain of the Arkansas River, 
which also is the east boundary of the bauxite region. 
On this alluvial plain are deposited the most recent of 
the Coastal Plain sediments, consisting entirely of 
Quaternary and Recent clay, sand, and gravel. The 
maximum relief is less than 50 feet.

DRAINAGE

The Arkansas River skirts the northeast corner and 
the east edge of the bauxite region. At Little Rock the 
river leaves the sandstone and slaty shale of Paleozoic 
age in the upland and enters a broad flood plain on the 
Coastal Plain, flowing due south. At the vrest edge of 
the bauxite region the smaller Saline River flows south 
ward to southeastward beyond the mapped area; then 
curves southwestward and joins the Ouachita River 
neai the Arkansas-Louisiana border.

Between the two major streams at each side of the 
bauxite region there are two lesser but still important 
drainage systems. Hurricane Creek crosses the region 
in a southeasterly direction, flowing between the high 
ground at Bauxite and Alexander Mountain. It turns 
southward and enters the Saline River a considerable 
distance south of the mapped area. Fourche Creek,
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also known as Fourche Bayou, empties into the Ar 
kansas River at the east edge of Little Rock. It has two 
main tributaries: a southern one situated at the west 
edge of the Mississippi Alluvial Plain; and a western one 
at the north edge of the West Gulf Coastal Plain. 
Left bank tributaries of the western arm of Fourche 
Creek drain the Ouachita Mountains province and 
adjacent parts of the Arkansas Valley province between 
the Arkansas River and Hurricane Creek. From east 
to west the principal northwestward-trending streams 
are: Rock, Broclie, and McHenry Creeks; Haw and 
Callaghan Branches; the main extension of Fourche 
Creek, and its right-bank tributary, Owen Creek. 
West of Hurricane Creek, two small streams, Salt and 
McNeil Creeks, drain the area of rocks of Paleozoic age 
north of Benton and flow southwestward into the 
Saline River.

Although a seemingly intricate stream system exists 
in the Coastal Plain, large parts of the region are poorly 
drained.

CLIMATE AND VEGETATION

The climate of central Arkansas is marked by warm, 
fairly humid summers and moderate winters. For 
65 years, from 1880 to 1944, the average monthly 
temperature at Little Rock, according to data of the 
U. S. Weather Bureau and charts assembled by the 
Arkansas State Planning Board, ranged from 42°F in 
January to 81 °F in July, and the yearly temperature 
averaged 62°F. Extremes of temperature depart 
widely from these means. The frost-free growing 
season ranges from 6 to 9^ months and averages 8 
months, from mid-March to mid-November. The 
annual precipitation for the same 65-year period men 
tioned above averaged 47.3 inches at Little Rock and 
ranged from 31.6 to 66.4 inches. Summer and early 
fall are the driest seasons. Snow rarely falls.

The uplands underlain by rocks of Paleozoic age 
northwest of Little Rock are covered mostly with 
second-growth timber. Except for the bottom lands, 
little of this land is suited to cultivation, though much 
of it has been cleared. Southeast of Little Rock the 
flat flood plain of the Arkansas River is the most fertile 
farm district.

Shortleaf pine predominates in most of the region, 
particularly on the uplands. Loblolly and slash pine 
are abundant on the sandy Coastal Plain soils. Thick 
stands of hardwood occur only where the pines have 
been cut. Post oak and hickory are abundant on shal 
low soils, whereas the willow oak, hickory, ash, and 
sweet gum and black guni grow in poorly drained areas.

Among the more restricted floral assemblages are the 
cypress swamps. Majestic stands of cypress tower 
above the bayou and swamp water that surrounds their

roots, and the bodies of water are generally fr'nged 
with cottonwood trees. Another restricted assemblage 
is on nepheline syenite outcrops and consists mainly 
of cedar, dogwood, and a variety of flowering shrubs.

PREVIOUS WORK

J. C. Branner (1891) first reported bauxite in Ar 
kansas. Six years after his first report he published a 
more detailed description of the deposits and discussed 
their mode of origin (Branner, 1897, p. 263-289). 
J. F. Williams (1891, p. 22, 29, 31, 124, 125, 162, and 
maps 2 and 3) mapped in detail the Pulaski County 
outcrops of nepheline syenite rocks, south of Little 
Rock, and their associated bauxite deposits. He also 
mapped the Saline County nepheline syenite outcrops, 
but in less detail. Penrose (1892, p. 107, 109) made 
incidental reference to the pisolitic bauxite in his work 
on the Tertiary iron ores. A more complete description 
of the deposits was published by Hayes (1901, p. 435- 
472), including a very good map of the deposits in 
Saline County.

W. J. Mead (1915, p. 28-54) investigated the deposits 
for the Alcoa Mining Co., then known as the American 
Bauxite Co. His work included exploration by many 
test pits and drill holes, and he presented evidence for 
the derivation of the bauxite from nepheline syenite 
by the chemical alteration in a normal weathering pro 
cess. This important work was followed by a short 
paper by Wysor (1916, p. 42-50) calling attention to the 
presence of aluminum hydrates with less combined 
water than gibbsite in some of the pisolites.

Geophysical field methods were first used ir the 
study of the bauxite region by Stearn (1930) who pub 
lished the results of a geomagnetic survey. He 
suggested that this region was a province of neplieliue 
syenite rocks mostly buried by later sediments, and 
that the area between the two producing districts 
might therefore contain extensive deposits of bauxite.

The most comprehensive geologic report on the 
Arkansas bauxite region before the present investiga 
tion was that of M. N. Bramlette (1936). It sum 
marized the results of a field program of the U. S. 
Geological Survey and Arkansas Geological Survey 
that included mapping of the Midway and Wilcox 
formations throughout the region, investigation of the 
pits and shaft mines, and drilling of 55 wildcat holes 
outside the known producing districts.

In addition to the geologic reports cited above, many 
others have been published on the production of 
bauxite and mining methods.

PRESENT INVESTIGATION

The joint bauxite program of the Geological Survey 
and the Bureau of Mines began in April 1941, when the
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directors of the two agencies were asked by the Secre 
tary of the Interior to begin the preparation of a com 
plete and independent inventory of the bauxite deposits 
in the United States. The preliminary work was done 
by J. K. Thoenen for the Bureau of Mines and E. F. 
Burchard for the Geological Survey. In November 
1941 they published an estimate, as of September 1, 
1941, of the baiixite reserves of the United States based 
on the following grades:

Grade and alumina content of bauxite reserves according to Thoenen 
and Burchard

Grade

A
B___ . ___ _ ______ _ _ __ __ _
C__-__________-________   _ ______
D

Alumina 
(percent)

+ 55
50-55
45-50
30-45

Silica 
(percent)

<7
^"\ ^
<30

(')

1 High content of silica and iron.

The reserves of the known deposits in other states 
were given in long tons calculated on a "mined and 
dried" basis and probably representing 65-70 percent 
of the actual raw bauxite in the ground.

Estimated bauxite reserves of the United States, in long tons, grade, 
and alumina content, percent; according to Thoenen and Bur 
chard, 1941

State

Estimated bauxite reserves, in long tons

Grade and alumina content, in percent indicated  

A
(+55)

9, 090, 000 
16, 000 

237, 000

9, 343, 000

B
(50-55)

8, 443, 000 
79, 000 

311, 000 
23, 000 
36, 000 
6,000

8, 898, 000

C
(45-50)

7, 803, 000 
33, 000 

481, 000 
100, 000 
22, 000

8, 439, 000

D
(30-45)

1, 918, 000 
230, 000

200, 666

2, 348, 000

Total

27, 254, 000 
358, 000 

1, 029, 000 
323, 000 

58, 000 
6,000

29, 028, 000

Although the bauxite industry at the time limited its 
specifications for ore largely to grade A, Thoenen and 
Burchard regarded the A and B grades as potential ore, 
because laboratory experiments had shown that the 
silica content of 12 to 15 percent in some bauxite ores 
can be lowered materially by flotation. Keference to 
the table above shows that of the bauxite that Thoenen 
and Burchard considered minable potential ore, an 
estimated 18,241,000 long tons in the United States, 
17,533,000 or about 96 percent was in Arkansas.

Acting on the information contained in the Thoenen- 
Burchard report, Congress in the Second Supplemental 
National Defense Act, 1941, approved on October 28, 
1941, authorized and provided appropriations for ex 
ploratory investigations that might lead to the dis 
covery of additional domestic bauxite reserves.

In the 4 years that followed, during which time the 
United States was engaged in World War II, a total of 
12,102,225 long dry tons of bauxite was mined and 
shipped in the Arkansas bauxite region.

Field work was begun by the Geological Survey and 
the Bureau of Mines in three separate physiographic 
provinces: the Appalachian Valley region, a belt that 
extends southwestward through the States of Virginia 
and eastern Tennessee, to Georgia and Alabama; the 
East Gulf Coastal Plain, in Georgia, Alabama, Missis 
sippi, and Tennessee; and the West Gulf Coastal Plain, 
where the work was largely centered in the Arkansas 
bauxite region (fig. 2). Potential sources of alumina 
such as alunite, high-alumina clay, and even anortho- 
site were also investigated. However, by the end of the 
war no adequate commercial process for the extraction 
of alumina from any of these substances was in opera 
tion; and bauxite remains the sole commercial source 
of metallic aluminum.

In December 1941 field work began in Arkansas. 
Its purpose as originally conceived was to supplement 
the geophysical work of Steam by more detailed geo 
physical surveys to chart the distribution and configu 
ration of the igneous basement rocks, to chec1i this work 
by drilling deep holes with a rotary rig, and to make this 
information available to the bauxite industry and the 
public as an aid to further exploration.

Before the attack 011 Pearl Harbor, however, it be 
came evident that because of a threatened aluminum 
shortage, actual drilling in search of new reserves would 
have to be undertaken by the Government. The first 
drill started work in Pulaski County on May 1, 1942, 
and 4 months later 6 drills were operating. The con 
struction of new drills through allocations made by the 
War Production Board brought the operation to a peak 
during the latter part of 1943, when 20 drills were 
operating in Pulaski and Saline Counties. After the 
aluminum crisis passed the number of rigs in operation 
decreased from 19 to 12 in 1944, and to 8 in May 1945 
when drilling was terminated. The statistics of this 
work and of the 6,932 drill holes actually completed 
have been summarized by Malamphy and others 
(1948, p. 57-62).

GEOPHYSICAL PKOGKAM

A discussion of the geophysical work and its results 
has been written by Malamphy and Vallely (1944, p. 
324-366) and by Thoenen, Malamphy, and Vallely 
(1945). To test the results of the geophysical surveys, 
a rotary drill capable of drilling to depths of 2,000 feet 
was used. The anomalies interpreted as indicating the 
presence of highs on the upper surface of the igneous 
mass were checked by drilling. Between September 1, 
1942 and July 10, 1943, 58 holes were completed in the
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south-central and southeastern parts of the region. 
These holes ranged in depth from 427 feet to the maxi 
mum contracted depth of 1,500 feet, and averaged 
1,090 feet. Much geologic information was obtained 
from the data accumulated as a result of this program, 
particularly concerning the stratigraphy of the Midway 
and Wilcox sediments and of the nature of the uncon 
formity between the two groups. The procedure was 
to drill through the Wilcox with a dragbit, changing to 
a core barrel a short distance above the expected Wil- 
cox-Midway contact, and to core through the contact 
taking samples of the rocks above and below it. Drill 
ing by dragbit was then resumed through the Midway 
section until the basement rock was reached and a core 
was taken. Additional cores were taken at intervals 
to determine lateral and vertical variations in the 
Tertiary rock types.

Of the 10 major anomalies tested, all were caused by 
local hills or bosses of nepheline syenite, as had been 
anticipated. Holes drilled away from the centers of 
these anomalies and between them cut nepheline syenite 
rocks or metamorpliic rocks of Paleozoic age at lower 
elevations than those drilled above these anomalies. 
Only 2 of the 10 local highs project above the surface of 
the Midway and were therefore possible areas of bauxite 
formation. These two, the Sardis high in sees. 9, 10,15, 
and 16 of T. 2 S., R. 13 W., Saline County, and the 
Ledbetter high in sees. 29, 30, and 31, T. 1 S., R. 12 W., 
mostly in Pulaski County (pi. 2), already had been 
located by seismic surveys done for the mining com 
panies and were partly explored by company drill holes. 
A little bauxite of very low grade had been found and 
further drilling was necessary later to prove that geo 
logic conditions in these two areas were unfavorable for 
the accumulation and preservation of any significant 
deposits of bauxite. Thus the results of the geophys 
ical program indicated that the large region between 
the two producing districts was unfavorable for the 
accumulation of bauxite even above the more elevated 
parts of the igneous complex. The prospecting work, 
therefore, was restricted to areas where extensive erosion 
of the bauxite was not indicated.

BAUXITE DRILLING PROGRAM

The principal function of the geologic program was 
to search for new reserves of bauxite, and more than 
20,000,000 tons of ore in place were delimited by the 
drilling program.

When a new area was to be explored the geologic 
staff would first compile on a map information from 
nearby surface outcrops and from records of govern 
ment and company drill holes, to show the configuration 
of the post-Midway surface upon which the bauxite 
deposits rest (pi. 2). Trends of subsurface valleys that

head on buried nepheline sj^enite hills, and trends or 
groups of bauxite deposits in areas already closely 
drilled, with reference to the buried edge of the rocks of 
Midway age, were projected into the area under study. 
The intersections of such trends were regarded as 
favorable sites for drilling.

To explore such an area wildcat holes were drilled at 
points about 1,000 feet apart on a triangular grid, so 
that the holes were at the apices of equilateral triangles 
1,000 feet on a side. The triangular pattern was con 
sidered more efficient than a rectangular grid, and the 
1,000-foot spacing was taken as the largest practicable 
to cover the area quickly without missing significant 
bauxite deposits (fig. 3). A deposit of more than 
50,000 tons generally should be detected by this spacing 
of the drill holes, even though no hole reached the com 
mercial parts of the deposit. For this reason it was 
helpful to core all of the "bauxite-kaolin zone" in all 
preliminary holes. Secondary wildcat holes were some 
times drilled between the preliminary on°s, usually 
after the ones containing bauxite had been offset and 
the bauxite deposits delimited. Several additional 
small deposits were discovered in this manner.

After an area was tested by the preliminary wildcat 
holes, the deposits of bauxite indicated by the drilling 
were delimited by drill holes spaced 200 feet apart on 
a triangular grid. This grid was considered sufficient 
for determining within reasonable limits the overall 
tonnage. Wh ere several nearly linear bodies were found, 
it was necessary to space the drill holes 100 feet apart. 
Where a spacing larger than 200 feet was used, such as 
an ore body drilled early in the project employing a 
300-foot grid, lateral variations in grade and thickness 
caused inaccurate results. In the close drilling a uni 
form triangular grid again proved more useful than a 
rectangular one. The 200-foot spacing, however, is not 
sufficiently close to give accurate information on the 
grades of ore in different parts of the deposit. Before 
mining, it is usually necessary to drill holes 100, 50, or 
even 25 feet apart to secure this information.

All wildcat holes were drilled until the basement rock 
was reached. Likewise, the drill holes 400 feet apart 
on the blocking-out grids usually were driven to base 
ment rock. The information thus gained revealed the 
structural features of the ancient land surface upon 
which the bauxite was formed (pi. 2), and made it pos 
sible to present the detailed geologic information 
contained in this report.

Most of the bauxite deposits are lenticular and finger 
laterally into the surrounding kaolinitic clay, and show 
an accompanying appreciable decrease in gn.de. Some 
limitation on minimum minable thickness and minimum 
grade therefore had to be set to delimit a deposit. Most 
of the mining companies regarded an 8-foot thickness
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EXPLANATION

Preliminary wildcat drill hole

O
Secondary optional wildcat drill hole

Margin of bauxite ore body representing 8-foot thick 
ness of minable ore

Buried edge of the sediments of the Midway group 
where they wedge out against nephehne syenite hill

Drill hole to delimit bauxite ore body

FIGURE 3. Triangular grid pattern used in the joint Federal drilling progam.

as the smallest that could be worked underground. The 
field party of the Geological Survey used this minimum 
thickness of 8 feet and a minimum grade of 32 percent 
available alumina l as a cutoff in outlining the ore 
bodies and in determining the tonnage. The U. S. 
Bureau of Mines used a minimum thickness of 5 feet 
of bauxite and a minimum grade of 24 percent available 
alumina, reasoning that under a war economy it might 
be possible or even necessary to process material of 
such a grade. A deposit was considered delimited when 
it was surrounded by holes containing less than the 
minimum thickness or grade of bauxite.

The geologists made drilling logs of the overburden 
from cuttings carried to the surface by the drilling mud, 
assigned depths at which to start and stop coring 
through the bauxite or the "bauxite-kaolin zone," and 
made detailed lithologic descriptions of the cores. They 
also recorded the amount of core lost in the process of 
drilling and, where possible, specifically assigned its 
position. It generally was possible to determine with 
reasonable accuracy where the loss came in a core run.

Chemical analyses of bauxite and clay samples were

1 Available alumina percent is an empirical figure amounting to the percent of 
alumina less 1.1 times the percent of silica. For a further discussion see page 95.

made at the U. S. Bureau of Mines field laboratory at 
Little Rock. Geologists assisted in selecting core sam 
ples for analysis. A description of the laboratory pro 
cedure has been given by Malamphy and others (1948, 
p. 49-56, figs. 25-31).

SCOPE AND PERSONNEL, OP THE GEOLOGIC WORK

The program of the Geological Survey included as 
sembling drilling data from the operating companies' 
thousands of drill holes, logging the drill cores, making 
topographic and geologic surface and subsurface maps 
to interpret the geology, recommending coring depths, 
drilling sites, and cored intervals to be sampled, as well 
as partial supervision of the wildcat drilling programs. 
In order to keep pace with the drilling program, to 
record the information from the drill holes and to pre 
dict favorable areas for prospecting, it was necessary 
to utilize the services of 36 geologists at the p^ak of 
operations in 1943. As the need for bauxite lessened, 
this number was gradually reduced.

R,. P. Bryson was in charge of the Arkansas field 
party, assisted by Mackenzie Gordon, Jr., who super 
vised the field work, and in 1943 by S. S. Goldich. The 
following men, attached to the bauxite field party during
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the years indicated, assembled geologic data and drew 
up drilling recommendations in the five principal drilling 
areas: W. E. Benson (1942-44), M. W. Ellis (1942-45), 
Mackenzie Gordon, Jr. (1942-45), T. A. Steven (1942-
44), and J. I. Tracey, Jr. (1942-45). Men in charge of 
work on specific ore bodies and the years of their asso 
ciation with the field party are as follows: W. B. Alien 
(1944-45), C. N. Bozion (1943-45), E. A. Brown (1943-
45), J. A. Cathcart (1943-45), J. B. Collins (1943-44), 
Hanford Drummond (1943-44), R. A. Harris (1943- 
44), F. A. Hewitt (1943-45), J. A. Jackson (1943-44), 
A. L. Jenke (1943-45), E. P. Kneedler (1942-45), W. N. 
Laval (1943-45), H. W. McGee (1942-45), E. B. 
Parmalee (1942-45), W. J. Powell (1943-45), W. M. 
Quackeiibush (1943-44), F. M. Sanford (1943-44), 
Eobert Schneider (1943-44), E. C. Shelton (1942-44), 
G. E. Siple (1943-45), P. D. Snavely, Jr. (1942-43), and 
H. G. Stephens (1942-45). They were assisted by J. 
W. Adams (1943), Brewster Baldwin (1942), L. D. 
Clark (1942), S. H. Daviess (1942), N. M. Densoii 
(1943), W. W. Doyle (1944-45), H. B. Foxhall (1942- 
44), W. R. Griffiths (1942-43), L. S. Gurney (1943-44), 
R. L. Heller (1943), F. A. Hilclebrand (1943-45), R. B. 
Johnson (1942-43), C. R. Kirschner (1943-45), J. H. 
Morris (1942-43), G. L. Quick (1942), G. J. Tassi 
(1943-44), and R. M. Thompson (1942-43).

Bryson was responsible for much of the preliminary 
organization of this report and for planning the format 
of the ore body and subsurface maps. The field 
geologists listed above, whose unpublished ore body 
reports were drawn upon in preparing the descriptions 
of many of the bauxite deposits, are credited where 
possible in the text. Their descriptions have been 
shortened considerably and some interpretations based 
011 subsequent information have been added by the 
authors.

Petrographic studies of the bauxite and associated 
rocks were made in 1943-44 by M. I. Goldman (1949; 
Goldman and Tracey, 1946). Special studies, which 
have contributed to this report, were made on theoretical 
chemical composition of bauxite by Bryson; on kaolin- 
itic clay associated with the bauxite by Quick and by 
Tracey (1944); on sampling methods by Foxhall; on a 
map showing location of bauxite mines and deposits by 
Parmalee; on nepheline syenite outcrops by Hildebrand 
(1949); and on the lithology of the Wills Point formation 
by Stephens. Surface mapping and stratigraphic in 
vestigations were made by Gordon, Ellis, Steven, Ben- 
son, Hildebrand, and Tracey. Compilation of the large 
subsurface map (pi. 2) was done by Tracey, Steven, 
Shelton, Gordon, and Benson, with assistance from 
Parmalee, Jenke, Ellis, and Cathcart. A preliminary 
version of this map was published by the Geological 
Survey (Bryson, Gordon, and others, 1944). Prepara

tion of the ore-body maps and sections was supervised 
by R. Bruce Parmalee.

In addition to studies by regular members of the 
Arkansas field party, special field work was undertaken 
by W. H. Monroe in 1942 on a reconnaissance of the 
geology of the Cretaceous, Midway, and Wilcox rocks 
of Clark, Hot Springs, and western Saline Counties; by 
L. W. Stephenson in 1943 on a reconnaissance of possible 
bauxite deposits between Gurdon, Ark. and the Texas 
State line; by J. A. Gardner in 1944 on the macrofauna 
of the Midway group in Pulaski and Saline Counties, 
assisted by R. A. M. Schmidt who made a preliminary 
study of the microfauna; by R. W. Brown in 1944 011 
the fossil plants of the Wilcox group in Pulaski and 
Saline Counties; and by E. C. Fischer in 1944 on 
bauxite reserves.

Macrofossils in the marine Tertiary sediments were 
identified by Miss Gardner, foraminifers by J. A. Cush- 
maii and M. R. Todd, ostracodes by F. M. Swain, 
and fossil plants by R. W. Brown. Rock analyses by 
C. M. Warshaw and W. W. Braimock, miiieralogic 
studies by Charles Milton and M. L. Lindeberg, X-ray 
determinations by J. M. Axelrod, and speetroscopic 
work by K. J. Murata have contributed to tl is report. 
Photographs of bauxite specimens were taken by 
N. L. Shupe.
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GEOLOGIC SETTING

The bauxite region of central Arkansas contains 
bedded rocks of three ages: a thick sequence of steeply

dipping strata of Paleozoic age, another sequence of 
gently dipping strata of early Tertiary age, and upper 
Tertiary and Quaternary alluvial deposits that locally 
cover both sequences. A complex group of alkalic 
igneous rocks has been intruded into the sedimentary 
rock sequence of Paleozoic age and is overlain uncon- 
formably by the rocks of Tertiary and Quaternary age 
(fig. 4). Weathering of these igneous rocks mostly in 
early Eocene time provided the material for the bauxite 
deposits.

The rocks of Paleozoic age are undifferentiated in 
this report but include beds of probable Ordovician to 
Pennsylvanian age. They are tightly folded in places, 
and have a marked northwest strike.

The igneous rocks include stocks and other bodies of 
nepheline syenite and porphyritic alkalic syenite, as 
well as dikes and border phases of related rocks. These
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/Terrace deposits up to 60 feet thick fringe the Arkansas River floodplain and Fourche Bayou. They consist 
/ of dark-red sticky clay containing irregular calcareous nodules and fine silt grading locally into white or 
/ cream sand in the upper part. River valleys at lower elevations contain alluvium consisting of gravel, 

sand, silt, and clay to depths of 120 feet

v Terrace gravels on benches at elevations from 300 to 520 feet above sea level consist of poorly sorted, loosely 
consolidated pebbles and cobbles interbedded with reddish-brown coarse sand

Gray, green, bluish, cream, and ocher silty clay, locally interbedded with brown carbonaceous clay and thin 
lignite beds; these alternate with medium- to coarse-grained sand. A red to brown sandstone with fossils 
of Jackson age is in the upper part. Workable beds of bentonitic clay are near the base

Continental homogeneous tan or gray fine- to medium-grained sand that contains layers and lenses of gray 
silty clay; a bed of dark-brown woody lignite at the base locally

Dark-chocolate-brown silty to sandy carbonaceous clay interlammated with white micaceous sand, with scat 
tered lignite and sidentic layers; grades into dark-brown medium-grained to coarse sand. A large deposit 
of gravel and coarse sand in the lower part fringes the Paleozoic upland; a prominent red to brown coarse 
sand in the upper part wedges westward from the Arkansas River area. Reworked bauxite beds in the 
lower part fringe nepheline syenite hills. Plants of Wilcox age are found at many localities

Greenish- to bluish-gray silty clay and grayish-green fine sand alternate with lignite, black lignitic and brown 
carbonaceous clay, and hard layers of impure crystalline sidente. An apron of gray kaolinitic fragmental 
clay containing bodies of tan bauxite fringes nepheline syenite hills. Beds are sandier basinward

Dark-bluish-gray to black silty clay with sidentic layers; a dark-gray calcareous mudstone containing marine 
microfossils locally at the base. Varicolored clay constituting an ancient weathering profile occurs in 
places at the top

Greenish-gray and dark-gray clay, sandy in places, interbedded with fossiliferous marl, sandy glauconitic 
limestone, and calcareous sandstone; the beds are more calcareous in the upper part. Marine mega- 
fossils and microfossils are common

rocks of Paleozoic age. Weathered locally to kaolin or bauxite
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FIGURE 4. Diagrammatic sketch illustrating the sedimentary rocks that flank and overlie nepheline syenite in the Arkansas bauxite region.
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rocks have a northeasterly trend and contain roof 
pendants of rocks of Paleozoic age that likewise have a 
northeasterly trend.

Extensive erosion truncated the rocks of Paleozoic 
age and exposed the igneous complex in a series of low 
hills. The lower Tertiary sedimentary rocks which con 
tain many of the bauxite deposits lie unconformably on 
the resistant rocks of Paleozoic age, and are draped 
over the nepheline syenite hills. They strike generally 
northeast and dip gently southeast, although locally 
the strike is modified by compaction. The rocks dip 
gently upslope, or northwest, of the igneous hills, and 
more steeply downslope. The surface contact between 
the fairly hard rocks of Paleozoic age and the soft 
Tertiary sedimentary rocks is the physiographic line 
of demarcation between the Ouachita Mountain province 
and the Gulf Coastal Plain.

The Paleocene sediments, almost entirely marine, 
consist of the Midway group subdivided into the 
Kincaid formation at the base and the Wills Point 
formation above. These are overlain unconformably 
by lower Eocene nonmarine beds of the Wilcox group 
subdivided into the Berger formation, which contains 
many bauxite deposits at its upslope edge, the Saline 
formation resting unconformably upon the Berger, 
and the Detonti sand. Later Eocene strata are 
represented by locally little known nonmarine and 
marine beds of the Claiborne and Jackson groups. 
The more recent sediments of the bauxite region include 
gravels of undifferentiated late Tertiary and Quater 
nary age, sand and clay terrace deposits of Quaternary 
age, and Quaternary alluvium.

SEDIMENTARY ROCKS

UNDIFFEBENTIATED METAM ORPHIC BOCKS OF 
PALEOZOIC AGE

The somewhat altered bedded rocks of Paleozoic 
age crop out at the north edge of the area between 
the flood plains of the Saline River and the Arkansas 
River, beginning about a mile northwest of Benton 
and extending northeastward to Little Rock. They 
include gray, green, brown, and black altered shale, 
black slate, gray to brown quartzite and sandstone, 
chert, and siliceous shale. In the bauxite region the 
foimations cannot be differentiated with certainty. 
For the formations of Paleozoic age recognized in the 
Ouachita Mountain province the reader is referred to 
Croneis (1930, p. 91-148), and to Purdue and Miser 
(1923, p. 122-179) for the formations of Paleozoic age 
exposed in Garland, Hot Springs, and Montgomery 
Counties.

The rock pendants of Paleozoic age in the nepheline 
syenite intrusive masses of the Coastal Plain province 
are more difficult to differentiate because they have

been somewhat altered by contact metanorphism. 
Most of the pendants occur in the Pulaski nepheline 
syenite mass and consist of gray quartzite and gray 
and green altered shale. At the north end of the 
nepheline syenite mass of Alexander Mountain a fairly 
large area is underlain by black slate. 'T'h.e most 
interesting feature of these rocks associated with the 
nepheline syenite is the large amount of feldspar in 
many of them, in Pulaski and Saline Counties. Some 
of these rocks, though retaining a well-markei bedding 
that appears to be sedimentary, are seen in thin section 
under the polarizing microscope to consist almost 
wholly of feldspar crystals. Many of the contacts 
between this rock and the nepheline syenite are sharp, 
but locally in Pulaski County this type of rock also 
appears to grade through the tinguaitic border phase to 
pulaskite as described by Williams (1891, p. 99-106, 
149, 150). Whether the feldspar was ar original 
detrital constituent of the rock, as for example in the 
tuff lentils that have been described in the Stanley 
shale, or was introduced at the time of the intrusion 
of the alkalic rocks is not known. Evidence that this 
rock was at least a minor contributor to the bauxite 
deposits is indicated by several bauxite pebbles dis 
covered at the Section 15 mine in Saline County. 
These pebbles displayed lithologic structures charac 
teristic of the metamorphosed sedimentary rocks but 
upon analysis were found to consist almost entirely 
of gibbsite.

TERTIARY SYSTEM

PAIEOCENE SERIES MIDWAY GROUP

GENERAL FEATURES

A marine sequence of foraminiferal calcareous shale, 
arenaceous limestone, calcareous glauconitic sand 
stone, conglomerate, and light to very dark bluish- 
gray clay shale forms the lowest division of the Tertiary 
system in central Arkansas. The major subdivisions 
of this group are remarkably uniform laterally through 
out the Gulf Coastal Plain. They include a lower, 
highly calcareous, moderately resistant formation con 
taining some sand and clay beds and an upper clay 
shale formation not commonly exposed at the surface 
but represented in some of the drill holes by more than 
a hundred feet of sedimentary rocks. These rocks are 
important to the history of bauxite because of their 
stratigraphic position immediately underlying many 
of the bauxite deposits. A study of this group thus 
furnishes a clue to some of the physiographic conditions 
leading to the formation of the bauxite.

These sediments are equivalent to the shaly h'mestone, 
calcareous sandstone, and overlying black clay exposed 
at Midway Landing and at Pine Barren Creek in Wilcox 
County, Ala., that were first designated as the "Midway
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series" by Smith and Johnson (1887, p. 62-67, 70). It 
is of historic interest to recall that the earliest described 
outcrops of the Midway group were the calcareous beds 
containing marine fossils noted by Featherstonhaugh 
(1835, p. 60, 62) on the bank of the Arkansas Kiver at 
Little Rock, also 3 miles west of Little Rock where they 
were quarried for making lime at that time, and in the 
bed of the Saline River 28 miles west of the town. 
Featherstonhaugh said they contained Ostrea, Turri- 
tella, Calyptrea, Cerithium, and other fossils and were 
Tertiary beds "of the Eocene period of Mr. Lyell."

The first thorough study of these rocks was made by 
Harris (1894, p. 8, 9, 22-54, 184, 185) who applied 
the name "Midway stage" to the early Tertiary marine 
sediments of central Arkansas that underlie the terres 
trial sediments of the so-called Lignitic stage. He 
described in some detail the known outcrops, their 
lithology and paleontology, and particularly noted the 
fossiliferous limestone beds in the lower part of the 
section. Harris (1896, p. 41, 42) correlated the 
Enclimatoceras (Hercoglossa) and Turritella-be&Ymg 
limestone beds of the Little Rock area with other 
similar calcareous beds at Tehuacana in Limestone 
County, Tex., at Midway Landing, Ala., and the oyster- 
bearing beds south and southwest of Clayton, Ala.

Geologists who have studied the Midway sediments 
in Arkansas, such as Stephenson and Crider (1916, p. 
44-54), Dane (1929, p. 152-160, pi. 1), Bramlette (1936, 
pi. 9), and Corbin and Heyl (1941), have continued 
to map and describe them as a single stratigraphic unit. 
In other states the Midway group has been subdivided 
into several formations. In Texas the Midway has 
been the subject of paleontologic work by Pluinmer 
(1926) and by Gardner (1928, 1933, and 1935), who have 
demonstrated the feasibility of dividing the Midway 
into two lithologically and faimally distinct mappable 
units, the Kincaid and Wills Point formations. Bram 
lette (1936, p. 5) has suggested that these two units 
are each represented, at least in part, by the deposits 
of Midway age in the Arkansas bauxite region. On 
the geologic map (pi. 1) that accompanies this report the 
Kincaid and Wills Point formations have been differ 
entiated in the bauxite region at the suggestion of 
Julia Gardner, who spent several weeks making a 
paleontologic study of the outcrops of the Midway of 
the area in the fall of 1944.

KINCAID FORMATION

Definition. The Kincaid formation received its 
name from Kincaid Ranch in Uvalde County, Tex. 
The name was proposed by Gardner (1933, p. 744) to 
designate the lower part of the Midway group, easily 
distinguishable lithologically and faunally from the 
upper part. An earlier name proposed by Harris

(1896, p. 129, 155), the Tehuacana limestone, was used 
for a while in a broad sense for the entire formation. 
However, most geologists felt that this name was too 
firmly restricted to the limestone beds at the top of the 
lower Midway section, and its usage for the greater 
interval was dropped. The Kincaid formation in 
Texas has been subdivided into three units in ascending 
order: the Littig glauconite member, a thin basal 
yellowish-gray glauconitic sand containing phosphatic 
nodules; the Pisgah member, a section of yellow, gray, 
green, and buff clay and glauconitic sand containing 
several limestone beds; and the Tehuacana member, a 
slightly thinner section of grayish-white fossiliferous 
limestone and greenish-gray calcareous sandstone.

Distribution and surface outcrop. In southwestern 
Arkansas beds of highly glauconitic and phosphatic 
sand, probably representing the Littig glauconite mem 
ber, crop out at a few localities in eastern Hempstead 
and western Nevada Counties where they discor form- 
ably overlie the Arkadelphia marl of Late Cretr.ceous 
age (Dane, 1929, p. 152-160). The basal member has 
not yet been identified east of these localities and may 
be absent in central Arkansas, where the Kincaid 
formation rests directly upon rocks of Paleozoic age. 
More likely the basal member was overlapped by suc 
ceeding members of the Kincaid. Light to darl'-gray 
calcareous clay and thin scattered yellow earthy lime 
stone beds equivalent to the Pisgah member crcD out 
at many localities in southwestern Arkansas and extend 
northeastward at the surface into central Arkansas, as 
far as the east-central part of Saline County. Light- 
gray fossiliferous limestone, buff to bluish-gray marl, 
and greenish-gray glauconitic sandstone beds that con 
stitute the lateral equivalent of the Tehuacana member 
have a wider distribution in Arkansas than beds of the 
other two members. These beds extend northeast 
ward across the State in a narrow discontinuous belt 
from the Texas border to Little Rock and in more 
scattered outcrops to the southeast corner of Inde 
pendence County.

In the Arkansas bauxite region the Kincaid formation 
lies at or near the north edge of the Gulf Coastal Plain 
in a long narrow northeastward-trending discontinuous 
band of outcrop that reaches 2 miles in width in 
several places, but generally is much narrower. Lo 
cally there are many scattered inliers, particularly near 
the town of Benton. These outcrops are exposed 
where streams have cut through the gravel deposits of 
the Saline formation. The formation at Benton is 
composed largely of calcareous clay, sand, marl, and 
a few scattered limestone beds. Outcrops are poor 
and are limited mainly to the banks of streams and to 
road cuts. In the area surrounding the town of Alex 
ander several fairly persistent limestone beds in the
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upper part of the formation are expressed topographi 
cally in a poorly defined terrace or cuesta, but good 
exposures are few. Near Mabelvale and Geyer Springs 
in Pulaski County the formation is buried mostly be 
neath the alluvium of Fourche Bayou. Along the 
south edge of the city of Little Rock several good 
exposures of the sand and limestone make up the upper 
part of the Kincaid where it abuts the upland rocks of 
Paleozoic age. Between Little Rock and Cabot, 
Lonoke County, there are no outcrops, but limestone 
of the Midway has been questionably identified in an 
82-foot well drilled at Jacksonville, Pulaski County 
(Stephenson and Crider, 1916, p. 259).

In the bauxite region, drill holes show that the 
Kincaid formation is present at depth beneath the 
Wills Point formation at most localities. Locally along 
the flanks of nepheline syenite hills the Kincaid thins 
out and is overlapped by the Wills Point. At many 
localities, particularly where the limestone and calcar 
eous shale finger shoreward into tongues of conglom 
eratic nepheline syenite debris, the Kincaid extends 
somewhat farther upslope than the Wills Point. In 
some places, beneath subsurface Eocene drainage, green 
nonglauconitic sand of the Eocene Berger formation 
rests directly upon the Kincaid formation.

Thickness. At the surface in the bauxite region, 
the measured thickness of the Kincaid formation 
ranges from 7% to nearly 60 feet. Where the equiv- 
lents of both the Pisgah and Tehuacana members are 
present the thickness commonly ranges from 35 to 60 
feet. Where only the equivalent of the Tehuacana 
is present the thickness rarely exceeds 15 feet.

At depth the formation is thin or absent locally 
along the flanks of buried nepheline syenite hills but 
thickens rapidly basinward. Under some of the bauxite 
ore bodies, particularly in Pulaski County, nepheline 
syenite debris and sand as much as 69 feet thick have 
been recorded in drill holes within a few hundred feet 
of the edge of the formation. Where limestone is 
present, the thickness usually is greater. The thickest 
Kincaid section in the vicinity of the bauxite ore bodies 
was recorded in USBM (U. S. Bureau of Mines) drill 
hole2-lll,intheNWKNE^see. 11, T. 1 S., R. 12 W., 
downslope from the Birnbach bauxite deposit. The 
formation measured 154 feet thick, 2,600 feet east- 
southeast of the buried contact of the nepheline syenite 
and the Midway.

Farther out in the basin some of the deeper drill 
holes have cut as much as 185 feet of Jimy beds that 
apparently represent the Kincaid formation. Exces 
sively thick deposits of limestone that constitute a large 
part of the total thickness of the Midway group were 
cut by drill holes upslope from nepheline syenite hills

wholly or partly buried by the Paleocene sedimentary 
rocks.

Data supplied by the Arkansas Geological Survey in 
dicate that in the Yoimgblood No. 1 well of the Shaffer 
Oil and Refining Co., drilled 600 feet south and 575 
feet west of the northeast corner of the NWXNWX sec. 
34, T. 4 S., R. 13 W., about 1% miles north-northwest 
of Sheridan, Grant County, and 10 miles south of the 
south edge of the bauxite region, the thickness of the- 
Kincaid formation is 95 feet (a depth of 1,966 to 2,061 
feet) as evidenced by a study of the foraminiferal con 
tent of the cores by H. J. Plummer. In this well the 
Kincaid rests upon 193 feet of Upper Cretaceous sedi 
mentary rocks that in turn lie upon igneous rick identi 
fied as pyroxenite. In the Long Bell No. 1 v^ell, of the 
Shaffer Oil and Refining Co., drilled 330 feet south and 
330 feet east of the northwest corner of the NWKNEJi 
sec, 36, T. 5 S., R. 12 W., in Grant County, Mrs. Plum- 
mer's foraminiferal identifications indicate that the 
Kincaid is 136 feet thick (a depth of 2,620 to 2,756 feet).

Lithologic description. The Kincaid formation is 
composed mainly of intergrading and interfingering 
beds of soft claystone, calcareous sandstc?ie, sandy 
limestone, marl, and conglomerate, in that order of 
abundance, and includes minor beds or layers of con 
glomerate, arkose, kaolin, lignite, and a coquina of cal 
careous tests of marine organisms. Most of the sand 
has glauconite disseminated through it in rough to 
smooth rich green grains ranging in size from tiny 
specks to nearly a millimeter across. The quartz sand 
grains are essentially fine grained to medium grained, 
are angular or moderately well rounded, and have a 
glassy surface. Rarely some of the grains s.re frosted. 
The sand generally is well packed and the amount of 
calcium carbonate varies in the interspaces between the 
grains grading into limestone where an excess of this 
material is present. Most of the limestone beds are 
sandy or marly and lenticular. They contain abun 
dant fossils, principally mollusks and foraminifers. Nor 
mally the quantity of fossils in a single bed varies 
generally with the amount of limestone and inversely 
with the amount of quartz sand. A few of the limestone 
beds contain small phosphatic pebbles. Much of the 
calcium carbonate has been leached; hence, preserva 
tion of the fossils generally is poor.

Most of the clay in the Kincaid formation is medium 
gray to buff or tan. Locally it is dark gray and resem 
bles clay of the Wills Point formation. In contrast to 
the bluish-black clay of the Wills Point, however, 
most of the Kincaid clay is calcareous p,nd grades 
locally into marl. Calcareous tests of foraminifers, 
ostracodes, and pelecypods are widely distributed in 
these beds. A small sample of the, gray to yellowish
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clay from fossil collection no. 17138, submitted to J. 
M. Axelrod for X-ray examination, consisted princi 
pally of montmorillonite, some quartz, and a trace of 
unidentified matter.

The arkose and conglomerate beds of the Kincaid 
are mostly limited to the subsurface. They consist of 
partly weathered detritus from the nepheline syenite 
and, to a lesser extent, from the rocks of Paleozoic 
age. Arkose and conglomerate are gradational one 
with the other as their source is the same, and grain 
size is the differentiating feature. The finer grain sizes 
are carried farther from the source. These rocks are 
best developed near the upslope lip of the formation, 
particularly along slopes of nepheline syenite hills where 
they form a series of coalescing alluvial fans that inter- 
finger with limestone and clay downslope. They have 
been found in nearly all the holes drilled through the 
formation, downdip from nepheline syenite masses that 
were exposed in Midway time, and as far out in the 
present basin as the area surrounding the nepheline 
syenite high near Woodson. The coarser detritus con 
sists of pebbles, cobbles, and boulders. Pebbles and 
cobbles as much as 4 inches across frequently were re 
covered in the cores, and larger fragments and blocks 
exceeding 3 feet in diameter probably were drilled 
through (see basal bed in the section on page 16). The 
pebbles are subangular to rounded, and nearly all 
have worn and smoothed surfaces. Some of them, 
particularly those derived from the bedded rocks of 
Paleozoic age, are flat or angular and have smoothed 
faces, edges, and corners. The larger fragments are 
generally set in a matrix of fine sandy material of 
similar composition which is partly decomposed or 
disintegrated. Where the nepheline syenite debris is 
calcareous, fossil remains particularly of echinoderms 
and bryozoa are common. Downdip the rock fragments 
generally are embedded in limestone. Conglomeratic 
beds occur at different levels in the formation but are 
widespread in the lower few feet.

Sand and granule gravel beds composed largely of 
feldspar occur in the formation at widespread localities, 
most commonly near the upslope edge. The grains 
and granules are angular to subangular and unweathered 
to slightly decomposed. The nepheliiie syenitic detri 
tus of all sizes usually is unweathered or only slightly 
decomposed except at localities along the upslope edge 
of the formation where it was exposed to post-Midway 
weathering.

The following typical subsurface section logged in an 
exploratory drill hole at the western slope of the Pulaski 
nepheline syenite hill presents a fairly complete de 
scription of the Kincaid formation beneath the bauxite 
deposits.

Section of the Kincaid formation cored in USBM drill hole 20 049 
drilled 670 feet west and 270 feet south of the northeast correr of 
the NE}±SE}i sec. 8, T. 1 S., R. 12 W., about three-fourths of a 
mile south of Berger, Pulaski County

[Description by J. A. Gardner and M. I. Goldman]

Kincaid formation:
Clay, gray thickly speckled with white, 

probably products of partly disinte 
grated feldspar crystals; no reaction 
to HCL__.-____-   _-__      

Clay debris, similar to the interval 
above except for increasingly prom 
inent feldspar crystals; base of the 
interval a mass of light-gray partly 
disintegrated feldspar crystals with 
a few ferromagnesian minerals, 
mainly biotite___________________

Limestone, very light gray, and neph 
eline syenite debris; much of the 
limestone is calcite and shows cleav 
age faces; a large siderite cobble at 
240 feet-___________________  

Limestone and nepheline syenite de 
bris, greenish-gray, containing some 
biotite and green alteration minerals 
concentrated in narrow nearly hori 
zontal bands as much as 2 inches 
thick_ ____________-__--__--__---

Limestone and nepheline syenite de 
bris, an intimate mixture of green 
clay, feldspar crystals and lime 
stone, the clay and feldspar are 
products of the disintegration of the 
nepheline syenite; contains pockets 
of clear crystalline calcite; fossilif- 
erous along several breakage planes, 
fragmental fossils include an echi- 
noid spine at 266 feet and probably 
oyster shells and possibly crab claws 
at 272 and 273 feet______________

Nepheline syenite debris with lime 
stone, pale green to green, like the 
interval above but less limy___-__-

Limestone, pale greenish-gray, sandy, 
glaucoriitic, coarsely fossiliferous, 
slightly argillaceous; contains some 
small fragments of soapy translucent 
montmorillonitic clay; the sand is 
fine (grains 0.10-0.15 mm), and 
corroded at the top of the interval; 
coarser, more abundant, and some 
what rounded downwards; the glau- 
conite is a rich green, the grains 
small (0.1-0.05 mm), fractured and 
worn; fossils principally Ostrea frag 
ments and crab claws, Calyptraea 
sp. at 279 feet_________________

Sand, medium-grained, angular, in 
dark-gray clay matrix, calcareous 
with scattered fossil shell fragments 
in upper part; lower part broken up 
and probably partly lost in coring. _

Lignite, dark-brown, nrm_______-___

Thickness Depth 
(feet) (feet)

1. 7 227. 9-229. 6

. 9 229. 6-230. 5

9. 6 230. 5-240. 1

1-4. 9 240. 1-265. 0

8. 0 265. 0-273. 0

2. 6 273. 0-275. 6

4. 6 275. 6-280. 2

2. 1 280. 2-2S2. 3 
. . 2 282. 3-2S2. 5
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Section of the Kincaid formation cored in USBM drill hole 20-049 
drilled 670 feet west and 270 feet south of the northeast corner of 
the NE}iSE}i sec. 8, T. 1 8., E. 12 W., about three-fourths of a 
mile south of Berger, Pulaski County Continued

Kincaid formation Continued
Lignitic clay, very fine grained, mica 

ceous with very little other silt, 
passing again into lignite and with 
white clay pebbles, a quarter of an 
inch in diameter, in the lower part- 

Clay pebble rock, white or whitish 
kaolinitic clay pebbles of different 
tones in a light-gray matrix are sur 
rounded by films and stringers of 
black carbonaceous material im 
pregnated with sulfides; also many 
angular feldspar grains_____--__-_

Lignitic clay, silty, containing an in- 
terbedded white clay pebble layer 
near the top, grading downward to 
coarse dark-gray argillaceous iion- 
calcareous sand__________________

Sand, gray to green, carbonaceous 
micaceous noncalcareous, contains 
some disintegrated feldspar crystals 
and abundant disseminated sulfide 
flakes. Part lost in coring._______

Nepheline syenite, probably a boulder, 
hard, gray, containing unweathered 
solid feldspar crystals.___________

Total thickness of the Kincaid 
formation-_ _ _______________

Residual nepheline syenite (?):
Kaolinized nepheline syenite, grayish- 

green matrix with abundant angular 
disintegrated feldspar crystals_____

Decomposed nepheline syenite, the upper 
part clayey but with hard feldspar 
crystals and dark ferromagnesian min 
erals, also some disseminated sulfide 
resembling pyrite; the matrix becomes 
harder at depth__________________

Thickness 
(feet)

Depth, 
(feet)

0. 8 282. 5-283. 3

. 8 283. 3-284. 1

2. 4 284. 1-286. 5

5. 0 286. 5-291. 5

3. 4 291. 5-294. 9

67. 0

3. 0 294. 9-297. 9

6. 4 297. 9-304. 3

The section given above is one of a few that showed 
lignite, carbonaceous clay, noncalcareous sand, and 
kaolinitic clay associated with more typical beds of 
this formation. These may represent continental de 
posits of Kincaid age that were later covered, as the 
sea encroached, by marine sediments of the formation.

Lignite is rare but fragments were found in clastic 
sediments near the base of the formation in several 
other drill holes near the edge of the formation. In USBM 
drill hole 12-156 under the Thomas-Williams bauxite 
deposit in the NWtfNWtf sec. 36, T. 1 S., R. 14 W., on

the west flank of Alexander Mountain, Saline County, 
there were lignite fragments in 2% feet of light-green 
calcareous clay at the base of the Kincaid which is 
12.8 feet thick and directly underlies the Berger for 
mation. In USBM drill hole 8077, under the Fuller 
School bauxite deposit in the NEtfSWtf se?. 25, T. 1 
N., R. 12 W., near Sweet Home, Pulaski County, 
the basal 5-6 feet of the formation, a dark silty sand 
and conglomerate, contains abundant lignite fragments 
and shreds. In this hole the conglomeratic unit, 
probably of Kincaid age, is 14 feet thick and is overlain 
by about 21 feet of clay of the Wills Point formation.

Kaolinitic clay has been recognized in the formation 
in the pebbly clay in USBM drill hole 20-049 on the 
west slope of the Pulaski nepheline syenite hill at a depth 
of 283 feet, described in the section on thr page. An 
analysis of this clay can be found in table 3 as well as 
an analysis of what is probably a lateral continuation 
of the same zone at a depth of 266 feet in USBM drill 
hole 20-048, which is 800 feet east-northeast of USBM 
drill hole 20-049.

Local sections. Ten sections of the Kincaid forma 
tion are shown on plate 3, including those at four 
localities west of the mapped area. Fossils from these 
sections are listed in tables 1 and 2. Most of the fos- 
siliferous outcrops of the lower Midway lie near High 
way 67, which crosses the outcrop area of the Kincaid 
formation not far downdip from its irregular contact 
with the rocks of Paleozoic age- 

Winters Cemetery section:
The westernmost section is exposed on the north 

east slope of the hill below Winters Cemetery in the 
SEtfSWtfSEtf sec. 35, T. 2 S., R. 16 W. Sediments of 
Midway age nearly 35 feet thick consist principally 
of gray clay but contain some marl in the upper part 
near the 400-foot contour. They crop out discontin- 
uously from a small stream valley southwest to the top 
of the hill, where they are overlain by several feet 
of fine gravel of probable Wilcox age. Oysters and 
other mollusks are weathered from calcareous shale 
just below the marl about 250 feet southwest of the 
stream (coll. no. 17145).

Trace Creek section:
Beds apparently representing the Tehuacana member 

of the Kincaid formation crop out along an 11-foot 
cliff on the west bank of Trace Creek on the property of 
the State mental hospital and of W. J. Carradine. 
The following section is exposed:
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Section of the Kincaid formation in SE^iSW^i sec. 30 and the 
NEftNWyt sec. 31, T. 2 S., R. 15 W., Haskell Township, 
Saline County

Feet
Limestone, light-gray weathering to grayish black or 

brown, hard, with disseminated grains of clear quartz 
sand, glauconite, and dark minerals. Contains dark 
stained fossil molds and a layer of Ostrea pulaskensis 
at base (loc. 17141)_____________________________ 2-2. 5

Sandstone, light brownish-gray weathering to brown, 
fine- to medium-grained, with angular quartz grains, 
glauconitic, calcareous (loc. 17279)________________ 8. 5-9

Limestone, medium to dark gray, fine-grained, glau 
conitic, with fragmentary imprints of macrofossils. 
Exposed in creek bottom_________________________ 1-f

Dark-blue clay of the Wills Point formation is exposed 
west of this locality in a small eastward-fl owing branch, 
40 to 50 feet higher than the limestone.

State mental hospital outcrop:
Limestone of Midway age crops out also on the State 

mental hospital grounds in the SW%NE% sec. 30, in 
the same township. The outcrop is at an altitude of 
about 340 feet on the hillside between the powerhouse 
and water tank, about 300 feet southwest of the power 
house. Nearby limestone blocks from the same bed, 
thrown out during the construction of a tunnel not 
more than 13 feet deep, are exceedingly fossiliferous 
(loc, 17140).

Salt Creek section:
The lower part of the formation is exposed about 1 

mile east of the last locality in roadside ditches and 
along a large ravine and adjacent hillside south of 
Highway 67, not far from Salt Creek, in the SE#NW# 
sec. 20, T. 2 S., R. 15 W., Newcomb Township. Near 
the top of the hill some loose blocks of brick-red 
ferruginous sandstone come probably from the upper 
part of the formation. On the lower slopes of the hill 
a fairly complete section to the base of the formation is 
exposed, as follows:

Section of the Kincaid formation in the SE^iNW^i sec. 20, 
T. 2 S., R. 15 W., Newcomb Township

Feet
Clay, gray mottled with brown, locally stained black 

along small joint planes, containing scattered 
pockets of light-gray fine sand. Contains scattered 
macrofossils including nuculanid valves near base 
(loc. 17138). Covered above_______________ 10-f

Marl, light-gray, indurated, conglomeratic, con 
taining scattered pebbles of clay, black chert of 
probable Paleozoic age, phosphatic nodules, and 
disseminated glauconite grains; poorly fossiliferous 
(loc. 17139).___________________________._ 3

Clay, gray to yellow, slick, blocky, poorly exposed. 
Microfossils in upper part (loc. 17278)___________ 13

Clay, as above, but filled with subangular blocks, as 
much as 1 foot long, of siliceous shale, novaculite, 
and other rocks derived from the underlying 
sequence of Paleozoic age______________________ 2

The contact with the rocks of Paleozoic age is exposed 
in the ravine about 100 feet north of the highway.

McNeil Creek section:
The greater part of the formation, including the 

lateral equivalents of the Pisgah and Tehuacana mem 
bers, is best exposed near the town of Benton. A1 ^sal 
limestone bed, 1 to 2 feet thick, is exposed in the lower 
part of McNeil Creek (pi. 1) and in two small creeks 
1 to 1% miles to the north, that drain the ridge between 
McNeil and Salt Creeks. This bed rests nearly hori 
zontally upon steeply dipping altered shale of Paleozoic 
age. The limestone is light gray and contains pel bles 
as much as 3 inches across of dark-greeiiish-gray altered 
shale from the underlying rocks of Paleozoic age. It 
looks like concrete. The fossils are chiefly mollusl's of 
which the most conspicuous genera include Nuculana, 
Ostrea, Venericardia, Turritella, and Calyptraphorus.

Overlying this limestone bed the clay beds equivalent 
to the Pisgah member are exposed at intervals along 
the bottom and lower banks of the creek as far as a 
point about 1,000 feet upstream from where McNeil 
Creek is crossed by Highway 70. For nearly a mile 
along the creek probably not more than 20 feet and 
certainly not more than 30 feet of section is exposed. 
Most of the clay is dark gray and some of it resembles 
the clay of the Wills Point formation. Interbedded 
with it are tiny white lenses of broken, weathered shell 
fragments and calcareous tests of microfossils, includ 
ing, particularly in the upper part, layers of pcorly 
preserved nuculanid valves (loc. 17144). Some shark 
teeth and other hard parts of fish are present.

Above the clay beds are fossiliferous sandy marls of 
the Tehuacana member equivalent, poorly exposed 
east of Highway 70 for 1,500 feet upstream where the 
Midway is covered by gravel of the Saline formation. 
Benton lumberyard section:

The limestone beds normally present at the top of 
the formation appear to be lacking in McNeil Creek. 
These are, however, exposed farther south in the town 
of Benton, near the lumberyard in the SW%SE#£Wtf 
sec. 11, T. 2 S., R. 15 W. in a small stream about 50 
feet north of State Highway 35.

The outcrop consists of two calcareous beds with an 
aggregate thickness of slightly more than 4 feet. The 
upper is a ferruginous, concretionary, somevdiat 
cavernous limestone, locally silicified, mottled liglt to 
dark gray but more commonly weathered to dark red 
and in places blackish brown or yellow and earthy. 
Cavities are lined with small crystals of drusy quartz. 
Glauconite is disseminated through the rock. Macro 
fossils are poorly preserved (loc. 17136).

The lower bed consists of poorly indurated limestone, 
mottled light gray and yellowish brown, in places
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splotched with black. Associated with it is a coarse 
grained quartz sand containing glauconite. The 
iiautiloid Hercoglossa was found in the limestone (loc.
17137).

Pine Crest outlier:
The two members of the Kincaid formation are ex 

posed as far northeast as the SJ_SE% sec. 9, 1 S., R. 14 W. 
where the upper one is represented by brick-red highly 
ferruginous indurated sandstone containing imprints of 
Ostrea, Venericardia, and Turritella. The sandstone 
caps the hill above the 520-foot contour. Greenish- 
yellow clay beds of the lower part of the formation crop 
out along the north side of the road between the 480- 
and 500-foot contours.

Limerock Dairy section:
East of Collegeville the lower clay beds have not 

been identified. Outcrops of these beds equivalent to 
the Tehuacana member of the formation are rare. The 
best exposure is on the property of the Limerock Dairy 
in Pulaski County and has been described or cited by 
Harris (1894, p. 28-30; and 1896, p. 17), Stephensori 
and Crider (1916, p. 48-49), Spooner (1935, p. 113- 
115), and Corbin and Heyl (1941, p. 3, pi. 6).

Section at cliff on east bank of valley of Fourche Creek, at Lime- 
rock Dairy, about three-eighths mile southeast of Camp Marion, 
near center SW}iNE}i sec. S, T. 1. S., R. 13 W., Pulaski County

[Measured by J. A. Gardner and R. A. Schmidt]

Bed Description

Kincaid formation (Tehuacana member equivalent):
a Quartz sandstone, highly calcareous and glau- 

conitic, light to medium gray where fresh, 
weathering brownish and locally deeply iron 
stained. Glauconite in coarse or medium 
grains, dull or polished (loc. 17133a)________ 1. 8

b Limestone, partly weathered, rich in bivalves, 
sandy and highly glauconitic; light-gray 
groundmass splotched with yellow calcite; 
glauconite in large and small grains, segre 
gated in pockets and disseminated throxigh 
the rock (loc. 17133)________-_____________ 1. 7

c Limestone, glauconitic but grains not so coarse 
nor so variable in size as in the bed above; 
limestone less yellowish than in bed b, though 
weathered specimens are yellowish brown. 
Contains structureless calcite and clear quartz 
sand; some iron staining (loc. 17134)________ 1. 7

d Limestone, light-gray, dense; groundmass similar 
to that of bed c; abundant disseminated clear 
quartz grains, a few small scattered grains 
of glauconite. No shells except oyster frag 
ments remaining; rock riddled by brown- 
stained cavities formed by solution of the 
shells (loc. 17135)__________________ 7. 3

Feet

Section at cliff on east bank of valley of Fourche Creek, at Limerock 
Dairy, about three-eighths mile southeast of Camp Marion, near 
center SW^NE1/* sec. 8, T. 1 S., R. 13 W., Pulaski County- 
Continued

Bed Description Feet 

Kincaid formation Continued
e Quartz sand, light- to medium-gray, slightly 

calcareous and glauconitic, composed of 
angular medium-sized grains; no identifiable 
fossils______--_-_-__-----------__-_------ 4. 7 +

Total thickness exposed- _ -______-__--_ 17. 2 +
Rock of Paleozoic age:

/ Black shale reported exposed only at tines of
very low water; not seen in 1944____________ (?)

The glauconitic sand and sandy limestone beds 
equivalent to the Techuacaiia member are exposed at 
many localities in the southwestern part of Little Rock. 
Most of these localities have been described or men 
tioned by Harris (1894, p. 12-15 and 26-28) either as 
Midway limestone localities or as outcrops of supposed 
Cretaceous age. L. W. Stepheiison visited Harris' 
supposed Cretaceous localities in Little Rock in the fall 
of 1942, and J. A. Gardner visited them in the fall of 
1944. Both found fossils in the beds in question and 
concluded that they are of Midway age. 
Roselawn. Cemetery section:

Harris (1894, p. 13, 14, fig. 1) described a section in 
the southwestern part of Little Rock that he thought 
might contain beds of Cretaceous age. This locality 
is at the intersection of 19th Street, or the "Old Hot 
Springs road," and a valley now occupied by the tracks 
of the Missouri Pacific Railroad and of the Chicago 
Rock Island, and Pacific Railroad. Harris' section, 
from top to bottom, follows:
Bed Description Feet 
a Midway limestone-____-_____-___-----__--------- 2
b Massive white and yellow sands. __________________ 20
c Impure bog iron ore: locally represented by a 2-foot 

layer of ferruginous sand and gravel, underlain by 
white clay, sand, or gravel; with some scattered 
fossil casts of mollusks and crustaceans._________ 10

d Upturned Paleozoic slates_________________________ (?)

Harris believed that the fossils of bed c might be of 
Cretaceous age. The section is no longer exposed. 
Part of bed c crops out in railroad cuts at the west side 
of the valley. Gardner and Schmidt collected several 
fossiliferous float blocks of highly ferruginous con 
cretionary sandstone that contained a little clay in the 
matrix (loc. 17146) 600 to 800 feet south of the 19th 
Street overpass at the base of the hill below the Rose- 
lawn Cemetery. These represent bed c of Harris 
section. Blocks from bed a of the section also were 
collected (loc. no. 17132) at the Roselawn Cemetery
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on the hill at the west side of the valley, where they had 
been thrown out from excavations. The fossils of both 
beds are of Midway age and are shown on table 1.

Gully section in southwest Little Eock:
Fairly continuous exposure of Kincaid limestone and 

calcareous sand containing beautifully preserved micro- 
fossils at the base of the overlying Wills Point forma 
tion is on the east slope of the same prominent valleys 
mentioned above. This probably is the exposure men 
tioned by Harris (1894, p. 27) as "a compact bed of 
limestone east of the railway, opposite the (county) hos 
pital in the bed of a small stream."

Section in east-west gully about 1,000 feet south of Roosevelt Road 
and about 250 feet east of the Chicago, Rock Island, and Pacific 
Railroad tracks, in the NEMNW^i sec. 16, T. 1 N., R. 12 W., in 
Little_Rock, Pulaski County

[Measured by J. A. Gardner and R. A. Schmidt]
Feet

Kincaid formation (Tehuacana member equivalent):
a Indurated sandy limestone packed with Turri- 

tella, light gray on freshly exposed surfaces, 
weathering to yellow; forms prominent ledge 
above lower beds downstream; near and under 
small bridge it floors the stream bed (loc. 
17130)___.________________________________ 3. 0

b Quartz sand, closely packed but not indurated, 
with small disseminated grains of glauconite; 
few fossils (loc. 17130&)________________ 2.3

c Sand, similar to that of bed b but firmly cemented 
by calcite possibly leached from the included 
shells (loc. 17131)___________________ 1. 0

d Quartz sand, closely packed, uncemented, glau- 
conitic; similar to that of bed b but apparently 
without fossils__ ___________________________ 1. 3

Total thickness exposed-_________________ 7. 6

Other outcrops in Little Rock:
At the foot of High Street on the south edge of the 

city along the north side of the Chicago, Rock Island, 
and Pacific Railroad tracks, rocks of Paleozoic age crop 
out at the base of a 50-foot cliff. Here the Kincaid 
formation, resting unconformably 011 the older rocks, 
is represented by 8 feet of nonfossiliferous gray medium- 
grained quartz sand that is conformably overlain by 
several feet of light-gray sand mottled and irregularly 
streaked and banded with rusty brown and speckled 
with small pellets possibly of kaolinite. Some greenish 
grains, probably of glauconite, are disseminated through 
the sand. The mottled sand is overlain by gray clay 
flecked with pink, which completes the sequence in the 
bluff; Gardner believed it was of Wilcox age or younger. 
The sedimentary rocks are barren except for poorly 
preserved Halymenites burrows in the mottled sand. 
Similarly filled tubes, about 5 millimeters across, occur 
in the same bed several hundred yards to the northwest 
where the sand has a reddish color.

Limestone of the Kincaid formation crop? out 
sporadically at the foot of Main Street on the south 
edge of Little Rock, and fossiliferous fragments taken 
from excavations are piled near the street corners 
within a block or two of the railroad tracks. This is 
the easternmost outcrop now known in Pulaski County.

Relation to underlying rocks. The Kincaid forrration 
overlies the rocks of Paleozoic age with profound 
angular unconformity. The interval represented by 
this unconformity in the outcrop area extends from 
early Pennsylvanian to early Paleocene time. In places 
the Kincaid formation lies unconformably on the 
nepheline syenite rocks and their included pendants of 
altered rock of Paleozoic age.

Near the southeast edge of the bauxite region, deep 
drill holes show that the formation rests on Late Cre 
taceous sedimentary rocks of Arkadelphia age. A 
study by Spooner (1935, p. 63-108, 334-339, 436, figs. 
60, 85) of the oil and gas wells of the Gulf Coastal 
Plain in Arkansas indicates that the buried edge of the 
Upper Cretaceous rocks extends in a northeasterly 
direction through the northwestern part of Grant 
County and the southeastern tip of Pulaski County. 
It is likely that several of the southeasternmost of the 
deep holes drilled by the U. S. Bureau of Mines to check 
the results of the geoplrysical surveys, had they been 
drilled deeper than the 1,500-foot maximum for these 
drill holes, would have cut strata of Cretaceous age 
beneath the Kincaid formation.

Fossils and correlation. The Kincaid formation is 
generaDy fossiliferous, and some beds, particularly the 
sandy limestone, are highly fossiliferous. Pelecypods 
and gastropods are the most abundant macrofossils, 
especially in the sandy limestone. Foraminifers and, 
to a lesser extent, ostracodes are the common mic"ofos- 
sils. They are found in nearly all the marine sediments 
but appear to be more widely distributed in the cal 
careous clay. Bryozoa, brachiopods, worms, echinoids, 
crabs, and fish are less common. Corals are rare.

A list of the localities from which collections were 
made is given with their numbers and descriptions. 
The numbers are also shown on the stratigraphic sec 
tions in plate 3, in table 1, and also in the text.

Fossil-collecting localities in the Kincaid formation in Pulaski and
Saline Counties, Ark. 

USGS 
locality Location

17130 East-west gully about 1,000 feet south of the Roosevelt 
Road viaduct and 250 feet east of the Chicago Rock 
Island, and Pacific Railroad tracks, in southwest 
Little Rock, NE#NW% sec. 16, T. 1 N., R. 12 W., 
Pulaski County. Fossils from bed a, sandy gray 
limestone, 3 feet. Collectors: J. A. Gardner, R. A. M. 
Schmidt, and M. W. Ellis.
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Fossil-collecting localities in the Kincaid formation in Pulaski and
Saline Counties, Ark. Continued 

USGS 
locality Location
17130a Same locality as 17130. Bed b, quartz sand containing 

disseminated glauconite, 2.3 feet.
17131 Same locality as 17130. Bed c, quartz sand, 1 ft.
17132 Roselawn Cemetery, north of Roosevelt Road and 

directly west of Missouri Pacific Railroad tracks; 
limestone thrown out in digging graves; SW,M sec. 9, 
T. 1 N., R. 12 W., Little Rock, Pulaski County. 
Collectors: J. A. Gardner and R. A. M. Schmidt.

17133 Cliff on east bank of valley of Fourche Creek at Lime- 
rock Dairy, about three-eighths of a mile southeast 
of Camp Marion, in the SW^NE% sec. 8, T. 1 S., R. 
13 W., Pulaski County. Bed b, glauconitic lime 
stone, 1.7 ft. Collectors: J. A. Gardner and R. A. M. 
Schmidt.

17133a Same locality as 17133. Bed a, calcareous glauconitic 
sandstone, 1.8 feet.

17134 Same locality as 17133. Bed c, glauconitic limestone 
1.7 ft.

17135 Same locality as 17133. Bed d, glauconitic limestone 
7.3 ft.

17136 Stream bed just north of bridge on State Highway 35; 
alongside lumberyard in the town of Benton, 
SWKSEtfSWK sec. 11, T. 2 S., R. 15 W., Saline 
County. Concretionary limestone, highly silicified 
locally, weathering brick red, fossiliferous. Collec 
tors: J. A. Gardner, R. A. M. Schmidt, M. W. Ellis, 
M. Gordon, Jr.

17137 Same locality as 17136. Compact to loosely indurated 
limestone and some coarse-grained quartz sand, im 
mediately beneath bed of 17136.

17138 Ravine and ditches on south side of Highway 67, about 
2% miles by road southwest of bridge across Saline 
River, SE#NW# sec. 20, T. 2 S., R. 15 W., Newcomb 
Township, Saline County. Gray to yellow blocky 
clay with sand pockets, just above limestone and 
marl bed of 17139. Collectors: J. A. Gardner, 
R. A. M. Schmidt, M. W. Ellis, and M. Gordon, Jr.

17139 Same locality as 17138. A 3-foot limestone and marl 
bed about 15 feet above base of formation.

17140 State mental hospital property. Limestone cropping 
out at about 340 feet altitude on hillside between 
powerhouse and water tank, about 300 feet southwest 
of powerhouse; similar rock thrown out in construc 
tion of tunnel from depth of not more than 13 feet, 
SW}iNE>l sec. 20, T. 2 S., R. 15 W., Saline County. 
Collectors: J. A. Gardner, R. A. M. Schmidt, M. 
Gordon, Jr., M. W. Ellis, and R. P. Bryson.

17141 A cliff on west bank of Trace Creek, on the property of 
W. J. Carradine and of the State mental hospital, 
SE^SWK sec. 30, and NE#NWX sec. 31, T. 2 S., 
R. 15 W., Haskell Township, Saline County. Fossils 
from upper of two limestone ledges. Collectors: 
J. A. Gardner and R. A. M. Schmidt.

17142 Outlier of Kincaid formation lapping across the south 
edge of the E% sec. 9, T. 1 S., R. 14 W., Owen Town 
ship, Saline County. Fossils from highly ferruginous 
resistant sandstone hill above the 520-foot contour. 
Collectors: J. A. Gardner and R. A. M. Schmidt.

Fossil-collecting localities in the Kincaid formation in Pulaski and
Saline Counties, Ark. Continued 

USGS 
locality Location
17143 Same general locality as 17142, but several hundred 

feet farther east, in gully along north side of road, on 
the south line of the SE#SE# sec. 9, T. 1 S., R. 14 W. 
From greenish-yellow clays at an altitude between 
480 and 500 feet.

17144 Bed of McNeil Creek about 50-75 yards upstream from 
Highway 70, SE#SE# sec. 3, T. 2 S., R. 15 W., near 
the north edge of Benton. From 2 feet of clay of 
Midway age locally grading laterally into dark-green 
silty sand; underlies alluvial sand and gravel. Col 
lectors: R. P. Bryson, M. Gordon, Jr., and J. I. 
Tracey, Jr.

17145 Roadside ditch outcrop on north side of Highway 67, a 
short distance downslope from Winters Cemetery, 
2% miles southwest of State mental hospital in the 
SEjiSWjiSEji sec. 35, T. 2 S., R. 16 W., Saline 
County. Oysters weather from calcareous shale 
below limy marl about 250 feet southwest of stream 
valley. Collectors: W. E. Benson, M. Gordon, Jr., 
and J. I. Tracey, Jr.

17146 Missouri Pacific Railroad tracks below Roselawn Ceme 
tery and about 600-800 feet south of the 19th Street 
overpass, Little Rock. Float of highly ferruginous 
and concretionary sandstone containing a little clay 
in the matrix. Collectors: J. A. Gardner and R. A. 
M. Schmidt.

17278 Same locality as 17138. Microfossils from yellow to 
gray blocky clay dug from gully on south side of high 
way, immediately below limestone ledp? of 17139. 
Collector: R. A. M. Schmidt.

17279 Same locality as 17141. Microfossils fror> sandy bed 
between two limestone ledges. Collectors: R. A. M. 
Schmidt, M. W. Ellis, and M. Gordon, Jr.

17280 North bank of McNeil Creek, west of Highway 70, 
about 600 feet downstream from the bridge, 
NW#NE#NE# sec. 10, T. 2 S., R. 15 W., near the 
north edge of Benton. Dark-gray clay dug from 
bank. Collectors: M. Gordon, Jr., R. P. Bryson, 
and J. I. Tracey, Jr.

17281 North bank of McNeil Creek, near the north boundary 
of Benton, SW%NW%NE% sec. 10, T. 2 S., R. 15 W., 
Saline County. Microfossils from pocVets of shells 
in dark-gray clay. Collector: M. Gordon, Jr.

The macrofossils collected at these localities have 
been studied in the field and in the laboratory, by Julia 
A. Gardner. Her specific identifications ard notes as 
to the relative abundance of the fossils of the Kincaid 
formation appear on table 1. In an unpublished report 
prepared in December 1944 for the Arkansas bauxite 
field party, Miss Gardner makes the following comments 
concerning the collecting localities and their macro- 
faunas:

The scattered outcrops of lower Midway sediments directly 
overlying the Paleozoic rocks are probably not synchronous. At 
two localities on the west margin of the Midway belt, (Iocs. 17144 
and 17145) the fauna seems distinct and more closely allied to the
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TABLE 1. Distribution of the faunas of early Midway age of Pulaski and Saline Counties, Ark. 

[By J. A. Gardner. Letters refer to abundance; r, rare, 3 or less; p, present; c, common; a, abundant]

Conopeum damicornis Canu and 
Bassler?

Bryozoa similar in shape to 
Lunulites but larger.

Calorhadia? sp. cf. Leda eon 
Gardner. 

?sp__ _-___---__.___________

cf. C.saffordana (Gabb)...__
?sp. A-.        ... ... .

Cucullaea macrodonta Whitfield.

?sp_ _ _ ___ ___

sp-.-_____-_____-__________.

cf. B. saffordi (Gabb)... ....
?sp. ____ _ _. . _ .

Ptfria cf. P. deusseni Gard 
ner.

cf. O. crenulimarginata 
Gabb. 

cf. O. compressirostra Say.
or*

Crassatellites cf. C, gabbi 
(Safford).

cf. V. (V.) smithii Aldrich..
OT)

Kelliella? sp... ____ . .......

Phacoides? (Lucinisca?) cf. 
Lucina fortidentalis Harris, 

1896. 
?sp_. ________ ........

sp.B,..  -    -.-- _

e»-|

cf. C. rivleuana (Gabb).... 
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Remarks

Common in the Teh'iacana 
member of the Kincrld for 
mation.

Relatively large; surface smooth 
or feebly striate.

Described from the basr.1 Mid 
way of Tennessee. 

Widespread in the Midway of 
the Gulf province.

Shell thick, no trace of radial 
sculpture.

Lower Midway of Tennessee 
and Texas.

Relatively large; ribbing coarse

Widespread in the lower Mid 
way of the Gulf province.

Rib count very low, only 16 
to 18. 

Most common in the Kincaid 
formation of Texas.

Shell small, moderately com 
pressed, concentrically 
threaded.

Shell large, the ribs narrow and 
numerous. 

Possibly Cardium sp. Harris, 
1894.

Described from the K'incaid 
formation of Texas.
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TABLE 1. Distribution of the faunas of early Midway age of Pulaski and Saline Counties, Ark. Continued

Venerid; ef. Cytherea (Dosini- 
opsist) sp. Harris, 1892.

Tellinal sp. cf. T. sp. 
Harris, 1892.

Tellinid- __ _ .  ..   --   

Tubes of unknown origin, pos 
sibly mollusean.

Mesalia n. sp. aff. M. pumila 
Gabb.

Turritella n. sp.; group of T. 
mortoni Conrad, 

cf. T. mortoni mediaria 
Bowles.

ef T. alabamiensis Whit- 
field, 

cf. T. saffordi Gabb.. ______

sp. B; group of T. humerosa 
Conrad, 

sp.; group of T. humerosa 
Conrad, 

cf. T. humerosa Conrad
S.I.

Cerithiid; gen. and sp. indet__ _

aldrichi Gardner      
SP------ --------- - -

Natica sp. cf. N. perspecta Whit- 
field.

Naticoid; gen. and sp. indet.   

"Pyrula" sp. cf. Pyrula sp. 
HaiTis, 1892.

Latirusl sp.: cf. Fusus hubbard- 
anus Harris.

Orthosurcula sp __ -_

Tornatellaea cf. T. texana 
Gardner.

Hercoglossa ulrichi (White) _ _

Locality

§

c

P

?p

P

CO

?r

c 
?P

<M
CO

    

r

I

   

P

s

P

P

P

?p

?,-

?r

r 
r

$

P

P

P

3

p

?r

P

r

to
CO

p

?r

t
ĈO
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Remarks

Shell medium size, transversely 
cordate, sligMly inflated. 

Shell small s'ze, transversely 
cordate, strongly threaded.

cf. Corbula (Carycorbula) sp. 
from 5 miles northeast of 
Kemp and Kaufman Coun 
ties, Tex.

Widespread ir the lower Mid 
way of the Gulf province.

Locally common, in the Tehua- 
cana member of Kincaid for 
mation.

Ribs shorter aid more oblique 
than in Calyptraphorus aldri 
chi Gardner. 

Common in the Kincaid 
formation of Texas.

Present in the Kincaid forma 
tion of Texas.

A shouldered firm.

Multiwhorled; numerous blunt 
ribs and a fev strong spirals.

Widespread in the lower Mid 
way of the Gulf province.
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lower Kincaid (lower Midway) of Texas than any of the other 
faunas in Pulaski or Saline Counties. The matrix does" not 
present the highly glauconitic and phosphatic character of the 
Littig glauconite, the basal member of the Kincaid, but more 
closely resembles the Pisgah clay which overlies the Littig and 
underlies the Tehuacana limestone. The lower contact cannot 
be deeply buried, but is not exposed at either locality.

The blocky clays at localities 17138 and 17143 contain a meager 
assemblage characteristic of shallow water and a muddy bottom. 
They are distinct from other faunas within the area and to a 
lesser degree from one another. At 17138 the fauna is limited 
largely to taxodonts of the Nuculanid groups; a Brachidontes 
is the most common species in the clays at locality 17143. The 
stratigraphic position of no. 17143 may be a little lower than that 
of no. 17138 and more nearly comparable to that of the barren 
clays overlying the Paleozoic rocks and underlying the calcareous 
ledge at locality 17139. Probably one or both localities should 
be included in the equivalent of the Pisgah clay rather than in 
the "Midway lime." The ledge at locality 17139 is formed by an 
indurated limy rock on which Ostrea pulaskensis is the most 
common fossil. The base is a true conglomerate which includes 
shell fragments, a few molds of Turritella and small bivalves and 
other organic remains . . . Brachidontes and a small undeter 
mined oyster are the common fossils in the ferruginous sandstone 
boulders scattered along the embankment at locality 17146, 
only 2 or 3 feet above the Paleozoic shales. Neither the fauna 
nor the lithology are closely related to that of any other outcrop 
although the boulders are not more than 10 or 15 feet below the 
float material of locality 17132 which contains Hercoglossa, a 
zone marker of the upper part of the lower Midway. A fine 
grained compacted quartz sand specked with glauconite and 
apparently non-fossiliferous overlies the Paleozoic shale at 
Limerock Dairy. It seems to be a part of the "Midway lime" 
sequence and may be synchronoxis with the lower sandstone at 
the Roosevelt Road viaduct section. The ratio of the sand and 
lime varies widely within that series.

Several subdivisions of the main limestone bed are possible 
within limited outcrops, but they probably do not carry over any 
considerable distance. Hercoglossa is, perhaps, the most usable 
zone marker for it is readily recognized and, within the area under 
discussion, it seems to be restricted to a vertical range of about 
5 feet near but not at the extreme top of the "Midway lime." 
Several species of Turritella, among them T. alabamiensis 
Whitfield, are characteristic of a slightly lower horizon. The 
distribution of Ostrea pulaskensis, crab fingers, and bryozoa may 
be controlled by ecologic conditions. The larger Venericardia 
of the V. smithii type are most common in the upper part of the 
fossiliferous section.

The lower and middle sections of the main limestone bed are 
probably represented in the section at localities 17130 to 17131; 
in the limestone thrown out in digging the graves in the Rose- 
lawn Cemetery at locality 17132; at locality 17135 on Fourche 
Creek; in the float limestone at locality 17140; in the upper 
limestone ledge at locality 17141 on Trace Creek; and probably 
in the ferruginous boulders scattered along the hillside terrace 
above locality 17138 and capping the hilltop at locality 17142.

The Hercoglossa zone is indicated in some of the float at 
locality 17132; in the upper part of the main limestone bed at 
locality 17134; on the southwestern edge of Benton at the top of 
17137; and the species was found, probably in place, on the higher 
ground at locality 17140.

Lower Midway deposits younger than those of the Hercoglossa 
zone have been recognized at only a few localities. The limestone 
overlying the Hercoglossa bed at the Limerock Dairy carries an

abundance of Callocardia kempae Gardner, apparently a marker 
of the upper beds; the same species was found at locality 17140 
and may be present at localities 17136 and 17141. Most of the 
loose boulders at locality 17140 were thrown out from a lower 
level; those on the higher ground are probably in place, and a 
section of 15 to 20 feet may be represented. No higher bedi of 
lower Midway age have been recognized.

Microfossils from this formation, including forsm- 
inifers identified by J. A. Cushman and ostracodes, by 
F. M. Swain, are listed on table 2. The microfos^ils 
of the Kincaid formation in central Arkansas are, l ;ke 
the macrofossils, typical species of early Midway age. 
Many have been recorded previously from the Kincaid 
formation in Texas and from the Clayton formation 
that represents the same lower calcareous phase of 
Midway deposition on the east flank of the Mississippi 
embaymeiit in Georgia, Alabama, Mississippi, Ten 
nessee, and southeast Missouri. A more detailed 
analysis and correlation of the Midway foraminiferal 
and ostracod faunas will be found in the discussion of 
fossils and correlation of the Wills Point formation, 
starting on page 33. A tentative correlation of the 
Kincaid and Wills Point formations of Texas with 
Paleoceiie formations in other parts of the world has 
been made by Gardner (1935, p. 88-99).

A small collection of vertebrate remains, mostly 
teeth, was made at the microfossil locality 17144, on 
McNeil Creek, at the north edge of Benton, Saline 
County. The fossils were identified by C. W. Gilmore, 
U. S. National Museum (written communication, 
1944) who identified the following species:

Reptilia:
Crocodilia:

Thecachampsa tooth 
Pisces:

Odontaspis acutissima Agassiz shark teeth
sp.

Myledaphus sp. ray 
Fish vertebrae, not determinable 
Otoliths (fish ear bones) 
Fish teeth, not determinable
Fragments of fin spines and other undeterminable fragments, 

probably mostly of fish.

Conditions of deposition. Nearly all the sediments of 
the Kincaid formation are marine. They were laid 
down in shallow water in a transgressing sea. Locally, 
several patches of terrestrial sediments, including: 
kaolinitic clay, carbonaceous clay, and some lignite, 
occur underneath the marine sediments. These prob 
ably represent small coastal swampy areas that were 
covered by the encroaching sea. Where the sea lapped 
against the nepheline syenite that protruded as islands 
above its surface, a large amount of coarse feldspathic 
detritus was incorporated in the sediments. These are 
in the form of coalescing alluvial fans that fringe the 
rocky slopes. In Kincaid time the shoreline surrounding
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TABLE 2. Foraminifera and Ostracoda of Kincaid age from localities in Pulaski and Saline Counties, Ark.

Foraminifera (identified by J. A. Cushman) :

Robulus degolyeri (Plummer) _ _ _ _

naheolensis Cushman and Todd___ _ _

Nodosaria affinis Reuss. _ _ _ _

Vaginulina longiforma (Plummer) _

Guttulina problema d'Orbigny
Globulina gibba d'Orbigny

Sigmomorphina terquemiana (Fornasini) _ _ _ _
Polymorphina cushmani Plummer, _

Eouvigerina excavata Cushman_
Pseudouvigerina naheolensis Cushman and Todd

Valvulineria wilcoxensis Cushman and Ponton
Gyroidina aequilateralis (Plummer) _ ___

Ostracoda (identified by F. M. Swain) :

Brachycythere plena Alexander _ ______ __ ____

Orthonotocy there cristata Alexander __ _____ ___

Locality No.

Collections from the Kincaid formation

1 17133a

X

X

X

X

X

X

X

X

i 17137

X 
X

X

X

X

X

X 
X

X

X

X

cf
X

i 17144

X

X

X

X

X 
X 
X

X

X

X 
X 
X

X

X

X

X

X

X

17278

X 
X 
X

X

X

X
X

X

X
X

X 
X 
X

X 
X

X

17279

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X 
X

X 
X

X
X

X

X 
X
X 
X

17280

X
X

X

X

X 

X

17281

X

X

X

X

X

X

X
X

1 See table 1 for macrofossils from same locality.
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these islands was marked by many extensive rocky 
beaches.

The shoreline along the upland composed of rocks of 
Paleozoic age at the northern and northwestern fringe of 
the bauxite region probably was marked by the deposi 
tion of fine sediments such as sand and mud. The 
quartz sand now contained in the formation probabhT 
was derived largely from this upland area of rocks of 
Paleozoic age, but some of the sand and much of the 
clay may have been brought from considerably farther 
inland.

The climate in the bauxite region during Kiiicaid 
time probably was warm temperate to subtropical, to 
judge from the composition of the marine fauna. Gard 
ner (1935, p. 99) has described the Midway fauna as "a 
homogeneous biota which lived on the warm and warm 
temperate shores of the Gulf of Mexico and as far south 
as Brazil * * *" That it was not actually tropical in 
Arkansas is indicated by the absence of orbitoid fora- 
minifers, which are common in beds of the same age in the 
island of Trinidad, and by the absence of exclusively 
tropical mollusks and other macrofossils.

The comparative freshness of the feldspathic and 
nepheline syenite detritus in the formation indicates 
that the rate of erosion, transportation, and deposition 
may have been appreciably rapid, certainly more than it 
was subsequently in Wills Point or Berger time. Similar 
material transported probably no farther during late 
Wills Point time is largely kaolinitic.

Thus it appears that in the bauxite region at the time 
the Kincaid sediments were deposited, a shallow trans 
gressing sea was encroaching on an upland area of rocks 
of Paleozoic age. A short distance from shore rugged 
island masses of nepheline syenite including some rem 
nants of rocks of Paleozoic age were being actively 
eroded. The climate^ probably was warm temperate to 
subtropical with torrential rains.

TWILLS POINT FORMATION]

Definition. The "Basal or Wills Point clays" was 
the name given by Penrose (1890, p. 19) to the lower 
Tertiary clay beds exposed in the vicinity of Wills 
Point, Van Zandt County, Tex. Under this designation 
Penrose included all the beds above the unconformity 
at the top of the Upper Cretaceous and below the base 
of the partly continental Sabine River strata (Wilcox). 
Harris (1896, p. 15, 41) pointed out that the laminated 
blue and yellow clay beds exposed for several miles west 
of Wills Point are equivalent only to the upper part of 
the section that in Alabama was designated as the Mid 
way series by Smith and Johnson (1887, p. 62-67), 
emended somewhat by Harris. Nevertheless, the name 
Wills Point was dropped for some time because it was

452763 58   3

considered to be synonymous with the earlier name 
Midway.

In the early 1930's the name Wills Point was revived 
and redefined to apply only to the upper part of the 
Midway group that lies above the top of the Tehuacana 
member or its lateral equivalents in south-central to 
northeast Texas. In this part of Texas the Wills Point 
formation is subdivided into two members as follows:

Mexia member, a lower member of dark thinly 
laminated or compact fossiliferous clay of a fairly deep 
water marine facies; about one-third of the formation.

Kerens member, an upper member of dark-gray silty 
or sandy clay down to and including a thin aragonite 
bed, the Wortham aragonite lentil; about two-thirds of 
the formation.

The Wills Point formation has been mapped sepa 
rately in the Arkansas bauxite region at the suggestion 
of Miss Gardner, who noted the similarity of the dark- 
gray and poorly fossiliferous silty clay that underlies 
most of the bauxite and kaolin deposits to the clay of 
the Kerens member in Texas, and who suggested also 
that yellowish-gray foraminiferal clay beds exposed 
above the limestone of the Kincaid formation within the 
city limits of Little Rock might represent the Mexia 
member. Clay beds of the Mexia member type were 
not recognized in other parts of the area, nor were they 
identified in drill holes, hence no attempt at subdivision 
of the Wills Point was made during mapping.

Distribution and surface outcrop. The formation is 
exposed in a northeastward-trending discontinuous 
band southeast of and almost parallel to the area of 
outcrop of the Kincaid formation. Like that of the 
Kincaid, the Wills Point outcrop area is patchy in the 
vicinity of Benton where both formations are over 
lapped by gravel of the Saline formation. About a 
mile southwest of Alexander the Wills Point formation is 
absent across an area a little less than a mile wide be 
cause of channeling before or during the deposition of 
the thick sands of the Berger formation. The most 
extensive exposure of the Wills Point is between Mabel- 
vale and Geyer Springs. Here it reaches a width of 
nearly 3 miles at right angles to the strike of the forma 
tion. Outcrops near Little Rock are confined to the 
lower part of the formation, and they are patchy like 
those at Benton because the formation is overlapped to 
the north and northwest by gravel of the Saline forma 
tion.

The uniformly soft clayey sedimentary rocks of the 
Wills Point formation are expressed in a flat featureless 
topography that is poorly drained. Outcrops are few 
and are limited to the beds of several of the smaller 
streams and to roadside ditches and cuts. Much of the 
surface is covered by a thin layer of sand or of gravel
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washed down from younger beds. The topography of 
the formation is similar to that of the overlying Berger 
formation, and were it not for the more resistant deposits 
of siliceous and ferruginous bauxite and bauxitic clay 
at the base of the Berger that are expressed as topo 
graphic rises, or for the abundant drill-hole data, it 
would be difficult to map the contact between the two 
formations.

Thickness. Where it is overlain by beds of the baux 
itic and ligiiitic facies of the Berger formation, the 
Wills Point formation has a fairly uniform thickness 
ranging from 50 to 70 feet. Where the formation is 
overlain by green sand of the Berger or by gravel of the 
Saline formation, the exposed thickness may be much 
less or the formation may be entirely absent. The 
yellowish-gray foraminiferal clay near Little Rock does 
not exceed 30 feet in thickness.

The Wills Point formation thickens gradually basin- 
ward, as recorded in the deep drill holes. It thins over 
buried hills of nepheline syenite such as the one near 
Woodson, where the clay is only 20 feet thick, and is 
absent over larger buried hills such as the Ledbetter 
high where it was removed by erosion during Berger 
time. In valleys between the subsurface hills the thick 
ness locally exceeds 300 feet. Records supplied by the 
Arkansas Geological Survey for two oil wells of the 
Shaffer Oil and Refining Co., indicate the thickness for 
the Upper Midway (Wills Point) of 306 feet (between 
depths of 1,660 and 1,966 feet) in the Youngblood No. 1 
well in Grant County, and 450 feet (between depths of 
2,166 and 2,620 feet) in the Long Bell No. 1 well in the 
same county.

Lithologic character. In most of the bauxite region 
the Wills Point formation is a homogeneous fine silty 
clay. The unweathered clay cored in the drill holes 
is dark-bluish gray to black or blue black. It has a 
waxy appearance, particularly when cut with a knife. 
Most of the wet clay is sticky. The silt content 
varies, but a noticeable amount is always present and 
locally it predominates. Generally an excess of clay 
is in the formation near its upslope edge, where drill

ing was concentrated. Farther out in the basin in 
the deep drill holes, the formation has a high percent 
age of silt particles, and the sediment locally is a 
micaceous silt or fine sand.

Much of the dark silty clay shows graded bedding 
(fig. 5A) The silt, and particularly the micaceous ma 
terial, is alined along horizontal partings. The laminae 
are formed by coarser particles directly overlying finer 
ones that have a sharp break in size along a emgle 
plane. Above this the particles grade to finer size up 
ward to the next break where they are overlain by 
another layer of coarse particles. The laminae thus 
formed range from one-half to 5 millimeters in thick 
ness, but generally are 2 to 3 millimeters. The sequence 
is repeated many times and indicates a cyclic or sea 
sonal variation. The lamination is easily discerned 
where the clay has been weathered, but some cores of 
unweathered clay with 110 visible lamination break 
evenly along horizontal silty partings. Some laminae 
coalesce laterally and in many areas the clay is dis 
tinctly crossbedded. This is present in a few of the 
drill holes upslope along the nepheline syenite hill 
and in most of the drill holes in the deep parts of 
the basin where the clay is silty. The crossbedding is 
always on a miniature scale, never more than a few 
centimeters from topset to bottomset. At the few 
places where the clay crops out it appears massive. It 
weathers locally to a yellowish-gray clay with a hr.ckly 
fracture.

Some of the clay at the top of the formation is 
bleached white to light gray or stained different colors 
(fig. 5A). This represents ancient weathering and is 
discussed on page 32. Siderite is common in th& 
weathered part of the formation principally in rmall 
pinkish- to brownish-gray granular or oolitic pellets 
and aggregates. It also occurs at several horizons in 
the unweathered clay, in impure hard concretionary 
beds generally less than 6 inches thick, or dissemirated 
in very fine grains. Pyrite is finely dissemirated 
through most of the dark-gray clay and also occurs in 
gray to brassy rosettes and as fillings of small cavities.

EXPLANATION FOR FIGURE 5

Core specimens of sediments from the Wills Point formation. A, Khaki-colored and gray banding in weathered upper half of core; 
dark-gray silty clay in lower half. Sawed face of 2-inch core specimen from USBM drill hole 12-141, depth 205 feet, NEXNE% 
sec. 35, T. IS., R. 14 W., Saline County. Natural size. B, Soft whitish grains and granules of kaolinitic clay and decomposed 
feldspar in dark-gray silty clay. Note lamination of sediments. Sawed face of 3-inch core specimen from USBM drill hole 
15-119, depth 514 feet, SE^NW}! sec. 31 T. 2 S., R. 13 W., Saline County. Natural size. C, Kaolinitic and feldspathic debris 
in dark-gray silty clay. Sawed face of drill core specimen (AB-733-2), slightly distorted during coring. From Alcoa drill hole 
F-733B, depth 446 feet, Baxley property, SE^NE 1̂  sec. 36, T. 2 S., R. 14 W., Saline County. Natural size. D, Photomicro 
graph of hydrous mica that has replaced kaolinite (dark field). This is a fairly common mineral in clay that was deposited 
in the Wills Point sea. Thin section (AB-262-1) from fragmental underclay beneath the Grubbs-Hawkins bauxite deposit, 
in Alcoa drill hole X-262, depth 412 feet, NW^SEJi sec. 36, T. 2 S., R. 14 W., Saline County. Crossed nicols. Photomicro- 
graph by C. S. Ross. X 260.
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Many cores of the clay on drying acquire a papillose 
surface, apparently caused by the partial decomposition 
of the pyrite.

Lignite is rare in the formation and has been found 
only near the upslope edge, apparently always as a 
detrital substance. A foot of hard black lignite was 
recorded in USBM drill hole 7-010 underlying the 
Birnbach bauxite deposit in the NW^NWK sec. 11, T. 
1 $., R. 12 W., on the south slope of the Pulaski neph 
eline syenite hill. It was cut by a drag bit in dark 
bluish-gray clay 12 feet below the top of the formation, 
which is 26 feet thick at this locality. None was found 
in adjacent holes, so this may have been a log or block 
of lignite. A similar occurrence was recorded in 
USBM drill hole 5-213 between the Viiisoii and Dixon 
bauxite deposits in the SWJ1NWM sec. 1, T. 1 S., K. 12 
W., where a large lignite block was cut below the base 
of the weathered interval, about 7 feet below the top 
of the formation which is probably not more than 20 
feet thick at this locality.

Lignite fragments in dark-gray clay were found in 
USBM drill hole 9-026 in the SW^NW^ sec. 36, T. 1 
S., R. 14 W., beneath the Thomas-Williams bauxite 
deposit on the west slope of the Alexander Mountain 
iiepheline syenite hill. They were in the basal foot of 
the formation where it is only 2.2 feet thick. Small 
rectangular lignite fragments 2 to 3 millimeters long 
were found lying along bedding planes in dark-gray 
silty clay about 4 feet below the top of the formation, 
beneath the East Bauxite deposit, in USBM drill hole 
15-142 in the NW#NE# sec, 31, T. 2 S., R. 14 W., 011 
the south slope of the Saline County nepheline syenite 
high. Small wispy carbonaceous fragments were recog 
nized in a thin section of clay from the Wills Point, 8 
feet below the top of the formation underlying the same 
deposit in USBM drill hole 15-119, in the SE#NW# sec. 
31.

In some of the deep parts of the depositional basin 
the lower part of the Wills Point section contains beds 
of soft gray limestone generally not more than 2 feet 
thick. Thick limestone sections in these deep areas 
have been assigned arbitrarily to the Kincaid forma 
tion but, as pointed out in the discussion of that unit, 
microfaunal studies have not been made to check the 
validity of this procedure.

Along the upslope lip of the formation, layers of 
kaoliiiitic clay several inches thick interfhiger with the 
clay of the Wills Point formation (fig. 5(7). These ex 
hibit residual textures of pebbles and grains of the 
nepheline syenite from which they were derived. 
Similar layers of white clayey sand containing quartz 
sand grains occur at a few localities. Other macro- 
scopically identifiable substances scattered through the

clay include fragments and grains of feldspar, some of 
them partly decomposed (fig. 5/?), a few fhosphatic 
scales and other remains of fish, pyritized invertebrate 
tests and shells, and rarely pyritized leaves.

Under the microscope it can be seen that the larger 
silt particles in the average unweathered clay of the 
Wills Point formation include quartz, kaoliiiite, siderite, 
pyrite, carbonaceous material, probably feldspar and 
ilmeiiite, and possibly magnetite, according to a brief 
study of many samples made by H. G. Stephens. 
Quartz particles are angular to subaiigular, with wedge- 
like edges, and range from 0.02 to 0.04 millimeter in 
diameter. They are common in some parts of the clay 
where they have a random distribution and orientation. 
They make up more than 40 percent of the rock in some 
places but are rare in others. Kaoliiiite particles are 
flat or bent cleavage flakes with ragged edg^s. They 
reach a maximum of 0.07 millimeter in length and 0.015 
millimeter in width throughout most of the clay but 
rarely are 0.4 millimeter long. They are light 
gray and have a pearly or silky luster. Their distribu 
tion appears to be more uniform than that of the quartz 
but they commonly lie parallel to the bedding along 
silty partings. Siderite where present occurs in clear 
crystalline fragments about 0.1 to 0.3 millimeter in 
diameter, or as light-tan to pinkish-brown p°llets and 
aggregates. Some large aggregates are seen under the 
microscope to constitute one single crystal. The distri 
bution of the siderite is spotty and much of it appears 
to occur in the upper parts of the clay that have been 
partly weathered. Pyrite is abundant in dark-gray 
clay and is disseminated evenly through it or concen 
trated along silty partings. In almost 50 clay samples 
examined by Stephens the pyrite was seen to occur in 
tiny brassy yellow octahedral crystals ranging in size 
from minute specks 0.02 to 0.04 millimeter. Although 
many of the crystals appear to have slightly rounded 
edges, rounded shapeless particles are rar a . Pyrite 
is less common and more difficult to identify in the 
weathered light-gray clay. Carbonaceous material is 
intimately mixed with the dark-gray clay in extremely 
fine particles and tiny lignitic shreds. Feldspar parti 
cles are generally small and much less abundant than 
quartz particles. Small metallic grains and opaque 
specks are scattered sparsely in the clay. These may 
be small crystals and fragments of ilmenite, which is 
indicated by a fairly constant content of titanium oxide 
(1-2 percent) in chemical analyses of the clay.

Three samples of clay from the Wills Point formation 
from drill holes in Saline County were submitted to 
the Geological Survey for X-ray examination. The 
minerals determined by this method are listed in the 
table which follows.
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Minerals identified by V-ray examination in clays from the Wills 
Point formation

[Analyst, J. M. Axelrod]

Mineral

Quartz
Kaolinite
Muscovite
Feldspar
Unidentified

l

\s

X

V

Sample

2

y.
Y

3

V

V
Tr.

1. Fragmelltal clay detritus or granule conglomerate in dirk-gray silty clay (speci 
men AB-733-2; see fig. 5C) from Alcoa drill hole F-733B, depth 4-16 feet, Baxley 
property, SEJiNWk sec. 36, T. 2 S., R. 14 W., Saline County.

2. Dark-gray silty laminated clay (specimen A B-12141-1; see fig. 5A) from USBM 
drill hole 12-141, depth 205 feet, NEkNEii sec. 35, T. 1 S., R. 14 W., Saline County.

3. Fragmental clay detritus in a dark gray silty clay (specdmen AB-15119-1; see 
fig. 5F) from USBM drill hole 15-119, depth 514 feet, SE^NWJi sec. 31, T. 2 S., R. 
13 W., Saline County.

Additional clay from the same three specimens was 
tested by means of a portable thermal analysis machine, 
by E. C. Fischer. These samples gave typical reac 
tions for kaolinite and quartz.

Kaolinite appears to be the principal clay mineral in 
the Wills Point, at least in the bauxite region. No 
montmorillonite was identified in any of the samples 
studied either by optical or by X-ray methods. These,

samples, however, came from near the nepheline syenite 
masses from the weathering of which large quantities of 
kaolinite were derived.

Hydrous mica was identified by C. S. Ross (oral 
communication, 1950) replacing kaolinized nepheline 
syenite directly beneath a few feet of weathered clay of 
the Wills Point. According to Ross the hydrous mica 
was formed by the fixation of potassium in sea water.. 
Hydrous mica also has been identified in kaolinitic clay 
fragments near the base of the underclay beneath 
bauxite deposits (fig. 5D) in at least two localities.

The persistent dark-gray to bluish-black color of the 
fresh clay is caused mostly by extremely fine car 
bonaceous particles and in part to finely distemii ated 
pyrite.

Chemical analyses have been made of the fresh clay 
of the Wills Point formation from many drill holee and 
in four of them, drilled in sees. 8 and 9, T. 1 S., P. 12 
W., 011 the west slope of the Pulaski nepheline syenite 
hill, the entire thickness of the formation has been 
cored and analyzed. The sampled intervals in these 
four drill holes, their brief lithologic descriptions, and 
their chemical analyses are given in table 3, together 
with analyses of underlying and overlying rocks.

TABLE 3. Chemical analyses by the triacid method of clay of the Midway group and of the lower part of the Wilcox, group

[Analyses by U. S. Bureau of Mines]

Depth (feet) Lithologic description
Analyses in percent

A12 O 3 SiO 3 Fe as 
Fe 2O 3 TiO 2 Ignition 

loss Insoluble FeO

USBM drill hole 1-305. NWl_SWii see. 9, T. 1 S., R. 12 W. E. H. Ford property

157. 2-158. 2

158. 2-161. 7 
161. 7-164. 5

164. 5-170. 5 
170. 5-174. 5

174. 5-181. 5 

181. 5-184. 9

184. 9-194. 9 
194. 9-206. 5 
206. 5-217. 2

217. 2-227. 6 
227. 6-238. 0 
238. 0-247. 8 
247. 8-252. 9

252. 9-258. 4 

258. 4-277. 8

Berger formation:
Bauxitie clay, tan to cream with crude pisolites, and

carbonaceous fragments. 
Bauxitie clay, as above__-_-__-____-________________
Bauxitie clay, as above, but grading to clay below;

sideritic bed from 163.1 to 164.1. 
Kaolinitic clay, gray, sideritic _______________________
Kaolinitic clay, gray highly sideritic _________________

Wills Point formation:
Clay, gray above, khaki below transversely lair mated

sideritic bed from 175.9 to 176.4. 
Clay, dark bluish-gray, silty and finely micaceous,

transversely laminated. 
Clay, as above; sideritic layer from 191.1 to 191.4______
Clay, as above____________________________________
Clay, as atove; sideritic layer from 206.8 to 207.3;

greenish material, feldspar grains from 210.Oto 210. 5. 
Clay as above ____________________________________

Clay, as above; with sideritic layers

Kiiicaid formation:
Conglomerate, white to greenish-gray loosely con

solidated debris of decomposed nepheline syenite
pebbles in a calcareous matrix. 1 

Limestone with nepheline syenite pebbles; conglome
rate, as above, but matrix harder. 1

46. 1

48. 6
27. 3

33. 6
28. 0

20. 3

20. 9

16. 0
21. 1
18. 1

22. 3
25. 7

6. 4
21. 9

31. 2

25. 2
27. 7

38. 4
33. 9

51. 4

65.9

56. 4
62. 9
46. 1

62. 5
56. 9
51. 4
49. 4

1. 2

. 8
22. 6

11. 2
19. 0

12. 5

3. 1

11. 4
5. 6

19. 2

5. 5
6. 4

24. 3
5. 6

2. 6

3. 0
2. 4

1. 8
1. 4

1. 4

. 8

1. 2
. 5
. 8

. 4

. 9
1. 0
1. 5

18. 2

21. 8
19. 5

14. 0
15. 7

10. 8

6. 7

9.8
6. 4

13. 4

6. 9
7. 6

15. 3
7.9

0. 7

. 6

. 5

1. 0
2. 0

3. 6

2. 6

5. 2
3. 5
2. 4

2. 4
2. 5
1. 6

13. 7

0.

is!
7.

14.

9.

6.
3.

11.

3.
2.

18.

See footnote at end of table.
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TABLE 3. Chemical analyses by the triacid method of clay of the Midway group and of the lower part of the Wilcox group Continued

Depth (feet) Llthologic description
Analyses in percent

AlsOs SiO 2 Fe as 
Fe2O3 TiOu Ignition 

loss Insoluble FeO

USBM drill hole 18-073. SE? t NE}4 sec. 8, T. 1 S., R. 12 W. Lewis Tread way property

160. 7-164. 7

164. 7-167. 9 
167. 9-168. 7 
168. 7-169. 3 
169. 3-171. 0 
171. 0-171. 7 
171. 7-177. 8 
177. 8-179. 8

179. 8-180. 8

180. 8-191. 0 
191. 0-201. 0

201. 0-211. 3 
211. 3-221. 5 
221. 5-231. 5 
231. 5-240. 4 
240. 4-241. 2 
241. 2-251. 2 
251. 2-261. 0 
261. 0-267. 1 
267. 1-268. 2

268. 2-271. 0 
271. 0-277. 6 
277. 6-281. 0

281. 0-284. 6 
284. 6-291. 8

Berger formation: 
Bauxitic clay, cream to gray with tan fragments, 

sideritic. 
Bauxitic clav, as above
Kaolinitic clav, light grav, sideritic
_ _ do _ _

_____do___ _______________________________________
_____do____^_.,_______ ____________________________
Clay, mottled red, gray and brown, pebbly, containing 

siderite aggregates. 
Wills Point formation: 

Silty clay, dark bluish-gray, laminated with light gray 
silt and kaolinitic stringers. 

_ do
Silty clay, dark bluish gray, horizontally laminated 

with paler sandier clav. 
do

Silty clay, as above: 6-inch siderite layer at 216.8 ft____ 
Silty clay, as above; 6-inch siderite layer at 223.5 ft____ 
Siltv clav, as above
Clav, light gray, sideritic _
Silty clay, dark bluish, with light gray clay fragments __ 
Silty clay, as above; 6-inch siderite layer at 253.0 ft____ do'

Silty clay, dark gray, mixed with weathered nepheline 
syenite debris. 

Kincaid formation: 
Feldspathic sand, light grav to white
Nepheline syenite debris grav _
Fragmental clay, gray, derived from kaolinized neph 

eline syenite; fragments as much as one-half inch. 
Nepheline syenite debris, white
Nepheline syenite debris, green

36. 6

37. 6 
35. 3 
34. 8 
34. 0 
30. 7 
29. 7 
21. 0

17. 6

16. 2 
19. 6

19. 9 
19. 8 
18. 5 
21. 8 
16. 4 
20. 6 
20. 8 
22. 4 
30. 6

19. 7 
24. 2 
26! 4

26. 3 
17. 5

30. 0

30. 2 
38.0 
36. 5 
36. 3 
34. 1 
31. 6 
28. 2

61. 0

67. 6 
65. 8

62. 00 
62. 8 
51. 6 
62. 4 
32. 5 
61. 1 
62. 8 
60. 4 
35. 4

41. 6 
41. 8 
41. 5

44. 2 
40. 3

11.0

9.6 
7.9 
9. 5 

10.0 
14. 8 
17. 1 
27. 2

2. 4

2.0 
3. 1

6. 2 
5. 1 

13. 4 
4. 4 

28. 2 
6. 7 
5. 3 
4. 5 

18. 6

2. 8 
1. 7 
1. 9

1. 6 
2. 6

3. 1

3. 0 
2. 8 
2. 6 
2. 8 
2. 8 
2. 8 
2. 8

1.0

. 9 
1. 2

1. 2 
1. 0 
1. 5 
1. 0 
2. 0 
1. 4 
1. 5 
1. 2 
2. 0

2. 6 
2. 4 
2. 0

2. 2 
1. 6

18.4

18. 4 
15.4 
15.4 
15. 8 
16. 9 
17. 0 
19. 3

6. 2

6. 3
7. 0

7. 6 
7. 8 

11. 6 
7. 3 

19.4 
7.9 
7. 1 
6. 6 
5. 6

7. 1 
8. 1 
9. 2

9. 5
7. 1

0. 9

1. 2 
. 6 

1. 2 
1. 1

. 7 
1. 8 
1. 5

11. 8

7. 0 
3.3

3. 1 
3. 5 
3. 4 
3. 1 
1. 5 
2. 3 
2. 5 
4, 9 
7. 8

26, 2 
21. 8 
IP 0

16. 2 
30. 9

8.5

6. 9 
6. 6 
7. 4 
8. 3 

13. 1 
13. 2 
21. 4

. 6

1. 1
. 7

2. 0 
2 2 
9! 4 
.9 

24. 6 
3. 4 
1. 5 
1. 1 

15. 8

0. 5 
. 3 
. 1

2 
2

USBM drill hole 20-048. SWfiNW}* sec. 9, T. 1 S., 12 W. C. R. Winn property

138. 1-142. 3

142. 3-147. 3 
147. 3-153. 1

153. 1-155. 1

155. 1-157. 1 
157. 1-163. 7 
163. 7-171. 7 
171. 7-172. 7 
172. 7-174. 3

174. 3-184. 6 
184. 6-195. 4 
195. 4-206. 3 
206. 3-217. 1 
217. 1-218. 4

218. 4-221. 4

221. 4-239. 1 
239. 1-248. 7

248. 7-259. 6 
259. 6-265. 1

gee footnote a

Berger formation: 
Kaolinitic clay, carbonaceous, dark gray to gray at 

top; contains pisolitelike clay fragments
Kaolinitic clav, light grav, less siltv with depth
Kaolinitic clay, as above, but contains white to dark 

grav clay fragments
Wills point formation: 

Clay, cream to white, laminated, slightly silty; con-

Clav, as above, but with light lavender cast_
Clay, dark bluish-gray, laminated, finely micaceous _ , 

do _
Sideritic rock, hard
Clay, dark bluish-gray, laminated, silty, finely 

micaceous
____do____-___________ ______________ _____________
____do________________ _____________ _____________
_ __do
____do_.____________ _____________________________

do
Kincaid formation: 

Clayey feldspathic debris; upper 0.7 foot mixed with 
dark blue-grav siltv clav and probably is basal 
Wills Point __*___ * '__ _ _ ____ * ___ _ _

Calcareous nepheline syenite debris; weathered grayish- 
green, with less calcareous lavers _

Nepheline syenite debris, dark green, clayey near 
base

t end of fable.

40. 8 
38. 6

35. 0

24. 5 
21. 3 
21. 3 
20. 8 
12. 7

21. 1 
21. 0 
22. 4 
24. 5 
23. 3 
22. 6

19. 1
0)
1. 2
0)

19. 3

38. 5 
41. 0

38. 0

49. 8 
52. 7 
61. 6 
57. 9 
18. 6

61. 8 
61. 4 
62. 4 
34. 1 
56. 2 
58. 1

29. 8 

12. 2 

33. 1

1. 3 
1.4

6. 2

7. 2 
2. 6 
1. 8 
2. 6 

41. 0

5. 4 
5. 8 
4. 8 
4. 0 
4. 3 
6. 0

12. 7

2. 9

3. 6

4. 3
4. 7

5. 4

3. 6 
1. 6 
2. 0 
2. 6 
2. 8

1. 4 
2. 0 
1. 6 
1. 4 
1. 8 
1. 0

2. 0

. 8

1. 8

14. 4 
13. 3

14. 8

10. 5
7. 0 
7. 2 
7. 2 

24. 8

6. 9 
7. 2 
6. 9 
6. 8 
6. 8 
7. 7

11. 4

34. 0

6. 3

0. 7 
1. 0

. 6

± 4 
14. 8

e. e
?. 9 

. 1

S. 4 
2. 6 
1. 9 

29. 2
7. 6 
4. 6

2f. 0

4P. 9

3f . 9

0. 1 
. 1

4. 4

5. 6 
1. 2 

. 1 

. 4 
32. 0

1. 4
1. 7 
1. 2

. 7 

. 9 
1. 4

10. 2

1. 2

1. 3
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TABLE 3. Chemical analyses by the triacid method of clay of the Midway group and of the lower part of the Wilcox group Continued

Depth (feet) Lithologie description
Analyses in percent

A1 2O3 Si0 2 Fe as 
Fe2 O 3 TiO 2 Ignition 

loss Insoluble FeO

USBM drill hole 20-048. SWJiNWJ-i sec. 9, T 1 S., .2 W. C. R. Winn property  Continued

265. 1-266. 0 

266. 0-271. 3 

271. 3-281. 9 

281. 9-285. 9 

285. 9-292. 3

Kincaid formation   Continued 
Kaolinitic clay, varicolored, fragmental, abundant 

dark mica flakes _ _
Clay, white and green, fragmental __

Basement rock: 
Decomposed nepheline syenite, white and light green,

Nepheline syenite, weathered as above, clayey in 
uppermost, 0.1 foot

Nepheline syenite, less weathered than above

31. 9 
27. 5

15. 9

12. 8 
12. 1

39. 9 
37. 2

41. 9

41. 0 
34. 8

10. 0
6. 4

5.4

4. 2 
4. 9

3. 0 
2. 6

3. 0

2. 0 
1. 6

12. 2 
11. 5

8.0

6. 7 
6. 0

3. 0
14. 8

25. 8

33. 3 
40. 6

2.3 
3.0

3.3

1.9 
2. 6

USBM drill hole 20-049. NE^SEJi sec. 8, T. 1 S., R. 12 W. T. R. Yinson property

149. 5-151. 0 
151. 0-154. 8

154. 8-161. 3

161. 3-165. 5 
165. 5-167. 0 
167. 0-176. 0

176. 0-186. 7 
186. 7-197. 2 
197. 2-198. 0 
198. 0-208. 6

208. 6-219. 3 
219. 3-228. 3

228. 3-230. 5 

230. 5-273. 0 

273. 0-282. 3

282. 3-283. 3 
283. 3-284. 1

284. 1-286. 5 

286. 5-290. 2

290. 2-297. 9 
297. 9-304. 3

Berger formation: 
Bauxitic clay, light tan, soft; a few oolites or pisolites. _ 
Kaolinitic clay, cream to gray, with a few tan clay

Kaolinitic clay, light gray, sideritic in bands and 
patches _ _

Wills Point formation: 
Clay, grav to light tan, sideritic plastic
Silty clav, banded khakL
Silty clay, blue-black, laminated, finely micaceous, 

plastic; with disseminated pyrite grains and clusters __ 
Siltv clay, as above"do

Silty clay, blue-black, laminated, finely micaceous, 
plastic, with disseminated pyritet- j fj 

do
Silty clay, as above; the basal foot or two mixed with 

feldspathic fragments
Kincaid formation : 

Nepheline syenite debris; gray to green subangular 
fragments in a calcareous matrix

Limestone and nepheline syenite rubble; bands of 
green minerals ^ to 2 inches thick 1

Nepheline syenite debris, calcareous to clayey, inter-

Kaoliiiitic clay, pebbly; clay fragments about one-half 
inch in diameter

Carbonaceous sandy clay, gray to green micaceous,

No recovery
Basement rock: 

Decomposed nepheline sveiiite
Decomposed nepheline svenite; harder with depth

31. 5 

26. 6 

27. 1

25. 4 
18. 9

21. 5 
24. 4 
21. 9 

9. 3

22. 9 
22. 5

22. 6

19. 8

0)

(0 
(')

32. 3

0)

9. 2 
15. 0

30. 3

28. 5 

28. 8

46. 6 
51. 8

64. 7 
61. 3 
62. 2 

8. 9

57. 8 
56. 6

55. 7 

33. 3

44. 1

46. 9 
44.9

16. 3 

22. 8 

22. 4

11. 7 
14. 5

1. 9 
3. 7 
4. 9 

50. 5

5. 7 
7.0

8. 3 

16. 6

1. 4

1. 8 
3. 9

2. 8 

2. 8 

2. 4

2. 0 
1. 5

. 9 
1. 0 
1. 0 
2. 2

. 9 
1. 0

1. 0 

2 2

1. 9

1. 1 
1. 2

18. 2 

18. 6 

18. 4

12. 5
9. 7

7. 5 
7.8 
7.4 

28. 6

7. 5 
8. 0

8. 8 

14. 4

12. 2

3. 9 
6. 6

0. 9

. 7 

. 9

1. 8 
3. 6

3. 5 
1. 8 
2. 6 

. 5

5. 2 
4. 9

3. 6 

14. 0

8. 1

37. 1
28. 4

12. 2 

17. 2 

18. 9

9.9
6.2

.3 
. 6

1. 1
44.8

2. 2 
3. 3

4. 3 

13. 3

. 3

. 7 
2. 2

1 Not analyzed.

The triacid analyses used for analyzing bauxite 
samples are not precise for silty clay of the Wills Point 
formation but give the approximate proportions of the 
principal constituents, and supply chemical data that 
can be used along with the physical properties as a 
means of identifying the fresh clay. As may be seen 
by studying table 3, the distinguishing chemical char 
acteristics of most of the clay of the Wills Point forma 
tion are (1) a silica content higher than 50 percent,
(2) an alumina content lower than 25 percent, and
(3) an insoluble residue notably greater than that of

the bauxite-kaolin zone but considerably less than that 
of the upslope sedimentary rocks of the Kincaid forma 
tion.

At the top of the formation at most places where it 
is overlain by the bauxite-kaolin zone the Wills Point 
has a lower silica content and a correspondingly higher 
alumina content and ignition loss, and at many local 
ities the clay has a chemical composition close to thr.t of 
kaolin. This kaolinitic clay is part of a gradation that 
starts in the middle of the bauxite-kaolin zone in 
material lowest in silica and grades downward into
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fresh clay of the Wills Point formation several feet 
below the top of the formation. Thus the upper con 
tact of the formation can rarely be selected on the basis 
of chemical analyses but rather by physical appearance 
as described later. At most localities the clay is 
bleached or stained at the top of the formation by 
weathering.

A study of chemical analyses and core descriptions 
has shown that no direct relationship exists between 
the color of the weathered clay and its chemical com 
position. In two adjacent drill holes that cut the 
Detonti bauxite deposit in the SE&SWX sec, 33, T. 3 
S., K. 14 W., in Saline County, the fresh dark-gray clay 
is chiefly kaolinitic,

The weathering profile at the top oj the formation.  
Where the upper part of the Wills Point formation has 
not been deeply stripped by erosion subsequent to depo 
sition its color has been changed. Along the flanks of 
the nepheliiie syenite hills, where the formation is over 
lain by kaolinitic clay of the Berger formation, the 
upper few inches to 20 feet of Wills Point clay is 
bleached white to light gray, or stained yellow, orange, 
khaki, olive green, red, purple, lavender, or a combina 
tion of these colors, either in solid intervals or horizon 
tally banded with gray. The colors are particularly 
conspicuous along the lip of the formation where it 
thins and pinches out. These characteristic colors at 
the top of the formation were considered by Bramlette 
(1936, p. 6) to represent that part of the Wills Point 
affected by weathering after the withdrawal of the 
Midway sea and before the deposition of nearly all the 
sediments herein referred to the Berger formation. 
This was confirmed by the mass of evidence obtained 
from the cores of this interval taken during the present 
investigation.

The most common sequence of the colored clays 
where they are found together in the same drill hole is 
as follows: fresh blue-black clay at the bottom; khaki- 
colored clay immediately above; purple and red clay 
next above, locally iiiterlamiiiated with gray clay in 
the upper part; and light-gray clay at the top. Where 
they are iiiterlamiiiated the color layers usually are 2 
to 3 millimeters thick but they reach a maximum of 
several centimeters. The boundaries between the col 
ors generally are sharp and either parallel or at a slight 
angle to the bedding laminae. In places the banding 
was concentric around a central nucleus, or in anasto 
mosing veinlets. At some localities the color sequence 
described above has been truncated by subsequent 
erosion. Fragments of both fresh and stained clay of 
the Wills Point formation were noted in a few drill 
holes in the basal kaolinitic clay of the Berger formation.

One of the most common and most widespread types 
of stained clay is khaki colored; also ocherous brown,

yellowish brown, buff, or orange. This clay usually 
overlies the fresh clay of the Wills Point formation 
directly and in sharp contact with it. With the 
binocular microscope the coloring matter of the clay is 
seen to be a limonitic stain. The clay occurs either in 
layers of solid color or banded with olive green and 
locally with gray. It is found in a zone as much as 
6 feet thick but generally less. In many drill holes, 
6 inches to 1 foot of khaki-colored clay was found 
separating light-gray clay above from dark-bluish-gray 
clay below. In a few drill holes where th°i formation 
near its upslope lip is less than 20 feet thick, a thin zone 
of khaki-colored clay was also found below the dark- 
gray clay resting upon syenite debris of the Kincaid 
formation or upon syenite clay.

Purple, lavender, violet, or deep-red clay is generally 
found immediately above the khaki-colored clay. The 
thickness of the zone occupied by this clay is seldom 
greater than 3 feet. In some places it is iriterlayered 
with the khaki-colored clay, and in a few drill holes a 
thin layer was found below the khaki-colored clay. 
More commonly it is iiiterlayered with gray clay. A 
lighter red clay is commonly found in bands associated 
with gray clay throughout much of the Midway surface. 
At many localities it is iiiterlamiiiated with gray clay 
in the upper part and with khaki-colored clay in the 
lower part.

Bleached clay was found in many drill holes in the 
upper part of the formation. It is light gray to white, 
generally lightest in tone at the top and progressively 
darker downward, and grades into the dark bluish-gray 
to black clay below. In texture it cannot be dis 
tinguished from the dark clay. Commonly there are 
thin alternating pale and dark layers controlled by the 
bedding laminae that give it a faintly banded appear 
ance. The thickness of this type of clay generally is 
greater than that of the stained clay and in some places 
reaches 20 feet.

It was noted during the drilling of ore bodies in the 
Woodyardville area in Pulaski County that the bleached 
clay is largely confined to crests of topographic rises 
on the buried Midway surface, and the ocher or khaki- 
stained clay occupied topographic depressions. The 
brighter colored clay is best formed at or near the base 
of buried slopes. Sections drawn by Jenke (written 
communication, 1945) through the East Bauxite and 
McNeil bauxite deposits in Saline County show that 
khaki-colored or buff clay is moderately thick in sub 
surface valleys and thins out 011 adjacent slopes; red- 
stained clay generally overlies the khaki clay near the 
base of the valley walls, is thickest on the slopes, and 
thins out below bleached clay toward the crests of the 
ridges.

This color distribution, shown in figure 6, is evidently
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related to the position of the water table that existed 
after the withdrawal of the sea in Midway time. The 
bleached clay apparently was produced above the level 
of the water table. Carbonaceous matter was removed 
perhaps by bacteria or other organic agents or by 
aeration, and iron sulficle was dissolved and removed 
by descending ground water. Iron oxide was precipi 
tated where the descending solutions met the gently 
fluctuating water table, particularly near the surface 
of the ground. Red stains probably resulted from 
intermittent aeration and the khaki color from little or 
no aeration under otherwise similar conditions. Pyrite 
probably is present in more than sufficient quantity to 
account for the iron oxide stains. It is relatively

contains large quantities of igneous rock detrtus. 
Aside from this sudden change in grain size, which is 
no greater than between adjacent beds in the Kincaicl, 
there is little evidence to indicate a lack of conformity 
between the two formations. The basal foraminiferal 
clay beds of the Wills Point formation that crop out at 
Little Rock probably are also present in deeper buried 
parts of the region. These beds are somewhat calcar 
eous and thus appear to be transitional between the 
highly calcareous sedimentary rocks of the Kincaid 
and the noncalcareous clay that constitute the bulk of 
the Wills Point. The seemingly limited distribution 
of the foraminiferal clay requires further study before 
conclusions can be drawn but probably is due to lateral

White or very 
light gray

EXPLANATION

Variegated purple, 
red and gray

Khaki-colored Dark-bluish 
gray

FIGURE 6. Section across a buried valley on the post-Wills Point surface, showing the usual distribution of colored clay beds and their relation
to paleotopography.

uncommon in the bleached or stained clay of the Wills 
Point.

The distinctive weathering profile of the Wills Point 
surface has remained as a persistent and dependable 
marker of the erosion surface that separates the Wills 
Point and Berger formations, and is found at depths 
exceeding 1,100 feet, more than 800 feet below present 
sea level. It is lacking only in areas that formed major 
drainageways after Wills Point time, where green sand 
of the Berger or less commonly brown sand of the 
Saline directly overlies fresh dark-gray clay of the Wills 
Point. Except for these buried valleys, leaching and 
weathering proceeded faster than surface erosion of the 
relatively impermeable clay of the Wills Point.

Relation to underlying ?'ocks. The top bed of the 
Kincaid formation in much of the bauxite region is a 
sandy limestone or a calcareous sandstone. The basal 
bed of the Wills Point formation is clay. The contact 
is particularly sharp in the drilled areas along the 
nepheline syenite hills where the top of the Kincaid

452763 58   4

changes of facies rather than a stratigraphic hiatus. 
It might also be due to the scarcity of good outcrops 
and the failure to recognize this zone in drill holes.

A quantity of clayey feldspathic and syenitic debris 
is present at some localities on the slopes of the nephe 
line syenite hills in the basal foot or two of the Wills 
Point, mixed with dark-gray clay. Chemical analyses 
of this interval indicate very little kaolinitic clay wHch 
would be expected had the nepheline syenite debris 
been exposed to much surface weathering before the 
deposition of the Wills Point formation.

Fossils and correlation. The weathered yellowish- 
gray clay that lies above the sandy limestone of the 
Kincaid formation in the environs of Little Rock 
contains an abundant and remarkably well preserved 
microfauna. This includes many foraminifers, some 
ostracodes, and a few bryozoans, small mollusks, and 
fish remains. Microfossils can be collected at almost 
any horizon in this clay, lut ttej aie most abundant 
in the basal 1 to 2 feet,
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Two collections were made in a gully at the south 
west edge of the city.
Locality 
17282 About 1,000 feet south of Roosevelt Road viaduct and 

200 feet south of Chicago, Rock Island, and Pacific 
Railroad tracks, in small gully heading east, upstream 
from small abandoned bridge, NE^NW,1 -^ sec. 16, 
T. 1 N., R. 12 W., Little Rock. Clay layer 1 foot 
above base of formation. Collected by R. A. M. 
Schmidt, J. A. Gardner, and M. W. Ellis, 1944. 
The underlying section of the Kincaid formation is 
described on p. 19.

Same gully as locality 17282, 600 to 700 feet farther 
east and 20 to 30 feet stratigraphically higher, about 
500 feet south of the NE. cor., NWM sec. 16, T. 1 N., 
R. 12 W., Little Rock. Collected by M. W. Ellis, 
1944.

Foraminifers from these localities are listed on table 
4, slightly modified by Cushman and Todd from earlier 
published identifications of the fauna of locality 17282 
(Cushman and Todd, 1946; Cushman, 1947, 1948).

17283

Also listed are the ostracocles from locality 17282 
identified by F. M. Swain. Present in the washed 
residue from this locality but not mentioned in the 
table are several bryozoans, the brachiopod Argyro- 
theca sp., prodissoconchs of Ostrea pulaskensis Harris, 
small echinoicl spines and tiny shark teeth, some 
angular clear quartz grains, glauconite grains, and tiny 
phosphatic nodules.

The foraminifers and ostracodes from the Wills Point 
formation in Arkansas (table 4) are typical Midway 
species, many have been reported previously from 
equivalent strata in Texas and Alabama (Cushman and 
Todd, 1946) and in Clay County, Mississippi (Kline, 
1943). Most of the foraminifers are typical upper 
Midway species occurring in the Wills Point of Texas 
and in equivalent formations in Alabama and Missis 
sippi, but many occur also in the Kincaid formation 
and equivalent beds of lower Midway age. The distri 
bution of the Arkansas species in formations of the 
Midway group in other states is shown in table 4.

TABLE 4. ForaminiferaandOstracoda of the Wills Point formation in the Arkansas bauxite region and their occurrence informations of
the Midway group at ether published localities in the Gulf Coastal Plain

Foraminifera (identified by J. A. Cushman and 
Ruth Todd) : a 

Spiroplectamtnina cretosa Cushman.

Textularia plummerae arkansasana Cush 
man. 

Clavulinoides midwayensis Cushman

Robulus midwayensis (Plummer) _ _
pseudomatnilligerus (Plummer) _
alabamensis Cushman
turbinatus (Plummer)

deqolyeri (Plummer)
cf. R. inornatus (d'Orbignv)
*wilcoxensis Cushman and Ponton, var. 

dissentia Cushman and Todd. 
*arkansasanus Cushman and Todd_
sp__ ________________ ._. ___________

Marginulina eximia Neugeboren
cf. M. dubia Neugeboren
cf. M. subrecta Franke_
cf. M. hamata (Franke)

Dentalina gardnerae (Plummer)
colei Cushman and Dusenburv
plummerae Cushman _
eocenica Cushman
nasuta Cushman _ _
naheolensis Cushman and Todd_ _ _ _ 
pseudc-obliquestriata (Plummer) _ _
cf. D. mucronata Neugeboren

See footnotes at end of table.
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TABLE 4. Foraminifera and Ostracoda of the Wills Point formation in the Arkansas bauxite region and their occurrence informations of 
the Midway group at other published localities in the Gulf Coastal Plain Continued

Foraminifera   Continued 
Dental ina   Continued 

* pseudonasuta Cushman and Todd _
aculeata d'Orbignv
*inepta Cushman

sp

Nodosaria affinis Reuss
latejitgata Giimbel
cf. N. amphioxys Reuss _
? cf. N. longiscata d'Orbignv

*Chrysalogonium arkansasanum Cushman 
and Todd. 

*eocenicum Cushman and Todd___
Pseudoglandulina manifesto- (Reuss)_

pygmaea (Reuss)

Lingulina cf. L. wilcoxensis Cushman and 
Ponton. 

Vaginulina midwayana Fox and Ross___
longiforma (Plummer)
plumoides Plummer _
sp_ _____________________________

Palmitla budensis (Hantken)
Frondicularia naheolensis Cushman and 

Todd. 
sp_ _______________________________

Lagena cf. L. apiculata Reuss__

cf. L. laevis (Montagu)
cf . L. costata (Williamson) _

hantkeni Cushman and Ozawa

Glob id ina

Pyrulina cf. P. cylindroides (Roemer)
exte nsa ( Cushman) _

Pseudopolymorphina sp_ _ _ _ _
Sigmomorphina terquemiana (Fornasiiii) _

wilcoxensis Cushman and Ponton

Bullopora chapmani (Plummer) _

Eouvigerina excavata Cushman _____
Pseudouvigerina naheolensis Cushman and 

Todd.

Bulimina midwayensis Cushman and 
Parker. 

cacumenata Cushman and Parker

t*irgulina wilcoxensis Cushman and Ponton. 
Loxo&tomum applinae. (Plummer) _ __

plummerae Cushman _ _ _ _
*Nodosarella paleocenica Cushman and 

Todd.
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See footnotes at end of table.



36 GEOLOGY OF THE ARKANSAS BAUXITE REGION

TABLE 4. Foraminifera and Ostracoda of the Wills Point formation in the Arkansas bauxite region and their occurrence in formations 
of the Midway group at other published localities in the Gulf Coastal Plain Continued

Foraminifera   Continued 
Ellipsonodosaria. plummerae Cushman

*midwayensis Cushman and Todd____ 
*paleocenica Cushman and Todd

Gyroidina subangulata (Plummer)_
Eponides plummerae Cushman
Siphonina prima Plummer _ _

Alabamina wilcoxensis Toulmin
Parrella expansa Toulmin

Pullenia angusta Cushman and Todd
Globigerina pseudobulloides Plummer

tr Hoc u I inoides Plummer
Anomalina ac.uta Plummer

midwayensis (Plummer)
cf. A. clementiana (d'Orbignv)

Cibicides howelli Toulmin
praecursorius (Schwager)
vulgar is (Plummer)

Ostracoda (identified by F. M. Swain) 
Cytherella tumidosa Alexander

symmetrica Alexander.
Cytherelloidea howei Swain
Bairdia suborbiculata Alexander

n. sp _
Brachycythere plena Alexander

interrasilis Alexander
Cijthereis cancellosa Alexander

rnidwa uensis Alexander
sculptilis Alexander
spiniferrima Jones and Sherborn______ 
prestwichiana Jone? and Sherborn_____ 

Loxoconcha corruqata Alexander
perdecora Alexander

Cythereopteron aligerum Alexander
Cytheromorpha .tcrobiculata Alexander
Ci/theridea fornicata Alexander

n. sp. aff. C. everetti Berry
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Do. 

Paleocene. 
Do. 

Paleocene and Eocene. 
Do. 
Do. 

Paleocene. 
Cretaceous anc1 Paleocene. 
Paleocene and Eocene. 

Do. 
Paleocene.

= Slightly revised from Cushman, J. A., and Todd, Ruth, 194fi, Conti. Cushman 
Lab. Foraminifera Research, v. 22, pt. 2, no. 277, p. 45-65, pis. 7-11.

b Foraminifera from Plummer, H. J., 1926, Univ. Tex. Bull., no. 2644; Ostracoda 
from Alexander, C. I., 1934, Jour. Paleontology, v. 8, p. 206-237, pis. 32-35, 1 fie.

c Foraminifera and Ostracoda from Kline, V. H., 1943, Mississippi Geol. Survey, 
Bull. 53.

d See table 2, this report.
e Cushman, .1. A., 1940, Contr. Cushman Lab. Foraminifera Research, v. 16, pt. 

3, 110. 222, p. 51-73, pis. 9-12.

Regarding the ostracocles listed in table 4, Swain 
(written communication, 1946) comments,

The evidence seems to favor a Wills Point age for this collec 
tion, although Cytheridea fornicata, according to Alexander, is 
restricted to the Kincaid. Of interest is the occurrence of 
Cytherelloidea howei which has been described from the Eocene 
of Maryland.

Recognizable fossils are rare in the dark bluish-gray 
clay of the upper part of the Wills Point formation in 
the Arkansas bauxite region. Scarcity of fossils in

f Cushman, J. A., and Todd, Ruth, Contr. Cushman Lab. Foraminifera Re 
search, v. 18, pt. 2, no. 237, p. 23-46, pis. 5-8, 1942.

s Cushman, J. A., 1944, Contr. Cushman Lab. Foraminifera Research, v. 20, pt. 
2, no. 255, p. 29-50, pis. 5-8.

NOTE: Species in the above list with holotypes from loc. 17282, are marked with 
an asterisk (*).

this part of the section together with its characteristic 
lithology probably constitutes the strongest argument 
for its correlation with the Kerens member of the Wills 
Point formation in Texas. The macrofauna of this 
clay consists principally of dark phosphatic scales or 
fragments of bones and plates of fish, and pale pyritized 
molds and casts of molluskan shells, and echinoid tests. 
A small pelecypod from the blue clay was identified 
by J. A. Gardner as CucuUaea macrodonta Whitfield, 
a typical Midway species. It came from USBM drill
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hole 20-048, 90 feet east-northeast of the southwest 
corner, SWtfNWtf sec. 9, T. 1 S., R. 12 W., at a depth 
of 192 feet, 27 feet above the base and 39 feet below 
the top of the formation. Though the blue clay in 
this region has long been considered to be of Midway 
age because of its lithologic similarity to the clay of the 
Midway formation in other areas, this is the first direct 
paleontologic evidence to substantiate such a correla 
tion.

A few fragmental and entire pyritized leaves have 
been found in the upper part of the formation. The 
best preserved specimens of these came from USBM 
drill hole 15-187, in the SWftNEtf sec. 21, T. 1 S., R. 
12 W., in blue-black silty pyritiferous clay at a depth 
of 320.8 feet, 4.1 feet below the weathered surface 
of the Wills Point formation. It was identified by 
R. W. Brown as genus and sp. iticlet. cf. Myrica wil- 
coxensis Berry.

Conditions of deposition. The Wills Point formation 
records a widespread change of conditions from those 
that accompanied the deposition of the highly calcareous 
Kineaid sediments and their coarse clastic fraction. 
The sediments are uniformly fine in the upper part of 
the Midway throughout the Gulf region and rarely 
exceed coarse silt particle or fine sand grain size. 
Even on the slopes of the iiepheline syenite hills in the 
bauxite region the detritus is much finer grained and 
more completely kaolinized than that intercalated 
with the lip of the Kineaid formation. This indicates 
that chemical decay played a larger part than mechani 
cal disintegration in weathering during Wills Point 
time. From this we infer that throughout the region 
the platform was relatively stable and the erosion cycle 
on shore had reached a stage of late maturity or early 
old age in which sluggish rivers deposited most of the 
coarse sediments on land and discharged only the 
fine material into the sea during Midway time. This 
hypothesis is supported in the bauxite region by the 
abundance of minutely crossbedded silt in the deep 
parts of the basin opposite the mouths of the major 
subsurface drainage valleys and the presence in near- 
shore areas of fine clays. The coarser sediments 
probably are. deltaic deposits. The detrital silt- 
sized quartz probably was derived from the rocks of 
the Paleozoic upland north of the area covered by 
the sea.

The partly calcareous clay typical of the Mexia 
member at the base of the formation with their prolific 
foraminiferal fauna represents a transitional stage 
that is common to the Gulf region. Plummer (1926, 
p. 33) has suggested that, in east Texas at least, a 
relatively rapid deepening of the sea at the beginning 
of late Midway time brought the sea bottom to a 
greater depth than at any other time during the period

of Midway deposition. Plummer based this statement 
largely on the fineness of the sediments and the a bund- 
dance of hyaline foraminifers, particularly of some 
globigerine species. In the Arkansas bauxite region, 
however, the deposition of fine sediments was probably 
brought about by factors other than deepening of the 
sea. One of these factors, the normal evolution of 
the erosion cycle on the land to the north to an advanced 
stage, has already been mentioned. A shift in prevail 
ing winds and major currents along the Paleocene 
gulf shoreline might also have limited the area of 
deposition of the coarser elastics to a much narrower 
shoreward zone and the sediments deposited therein 
may have been removed subsequently by erosion. 
Another possibility would be a change in climate 
accompanied by an increase in vegetational cover, 
which would have had the effect of slowing the rate of 
erosion.

The foramiuiferal fauna of the Wills Point formation 
contains most of the Kineaid species. It differs princi 
pally in the considerable influx of new species, all of 
which however are in the same families that were 
represented in the Kineaid. The Lagenidae is the most 
characteristic and common. The relative abundance 
of Globigerina in this fauna does not necessarily indicate 
deep-water deposition. Globigerina is a pelagic genus 
whose distribution is controlled by surface temperature, 
salinity, and currents, and occasionally is found in 
beach sand (Twenhofel, 1932, p. 165). Distribution of 
the benthonic fauna probably was governed largely by 
factors such as normal salinity, wave or current action 
sufficient to keep the water aerated, and physical and 
chemical properties of the sea water such as the avail 
ability of sufficient lime for shell material, and high 
pH and content of phosphorus. The foraminiferal 
families that are represented in the collections from the 
basal part of the Wills Point have a wide bathymetric 
range at the present time, when compared with the 
results of studies made by Norton (1930) mostly in the 
Caribbean region. They are partly lacking in the very 
shallow water of the sublittoral zone, but all are present 
in the neritic, batlwal, and abyssal zones. Norton 
states that the Lagenidae, Textulariidae, and Bulhn- 
iniclae are common in the neritic zone that ranges in 
depths from 5 to 60 fathoms. These families, and 
particularly the first, include many characteristic SDecies 
of fauna from the base of the Wills Point formation. 
The pelagic Globigerinidae and Globorotaliidae are 
predominant in the two deeper zones in the Caribbean 
at the present time. In the basal Wills Point fauna, 
the Globigerinidae are common but not predominant 
and are represented by only two species; the Globo 
rotaliidae are absent. This evidence indicates deposi 
tion in the neritic zone provided that the relationship
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of these families to ecologic environment has not 
changed radically since the Paleocene epoch.

In the foregoing paragraphs the basal clay beds of 
the Wills Point and their microfauna have been dis 
cussed, but these constitute only a small part of the 
formation. Most of Wills Point deposition took place 
under conditions that were not favorable to animal life. 
The notable percentage of black carbonaceous matter 
and iron sulfide in the sediments indicates that they 
were deposited under stagnant conditions in sea water 
rich in hydrogen sulfide and low in oxygen. Black 
mud of this type is formed at present in bodies of 
water with weak tides, such as the Baltic sea, and in 
deep holes in neritic bottoms, according to Twenhofel 
(1939, p. 304). The dark sediments of the Wills Point 
formation and its lateral equivalents are unique in that 
they occupy the entire north edge of the ancient Gulf 
of Mexico and extend a considerable distance seaward. 
The waters of this area must have had very little 
circulation, as evidenced also by the absence of ripple 
marks and by the even lamination. The laminae may 
mark annual or seasonal deposition of the sediments, 
which indicates that the amount of turbulence in the 
sea water was negligible. The gradual retreat of the 
sea at the close of Midway time left these sediments 
exposed to the air in a wide, malodorous mudflat.

EOCENE SERIES WILCOX GROUP 

GENEKAL FEATUKES

Overlying the marine sediments of the Midway group 
in central Arkansas is a thick series of nonmarine 
sediments including sand, silt, gravel, clay, and lignite. 
At the base of the series in the vicinity of iiepheline 
syenite masses that protrude through the Midway 
sediments, and to a lesser extent interbedded with the 
lower part of this continental section, are the bauxite 
deposits of central Arkansas.

A. F. Crider (1906, p. 25-28) proposed the name 
Wilcox formation for 850 feet of similar continental 
strata that lie between the marine beds of the Midway 
group below and the Claiborne group above in Wilcox 
County, Ala. These strata had earlier been called the, 
"Northern Lignitic group" or the "Lignitic stage." 
The last name was used for the lower Eocene conti 
nental beds of the Gulf Coastal Plain in Arkansas by 
Harris (1894, p. 55-86; 1896, p. 1-36). However this 
name was discarded because it is a descriptive term 
that was loosely applied to several different strati- 
graphic units. The name "Sabine formation," pro 
posed by Veatch (1906) for equivalent beds in northern 
Louisiana, southern Arkansas, and eastern Texas, was 
dropped by the U. S. Geological Survey in 1910 as 
being synonymous with Crider's Wilcox formation of 
the area east of the Mississippi River.

In more recent years the Wilcox has been regarded 
as a stratigraphic group. It has been subdivided into 
several formations, both continental and marine, in 
other parts of the Gulf Coastal Plain but in Arkansas 
geologists who have mapped and studied it, such as 
Stephenson and Crider (1916, p. 54-63), Spooner (1935, 
p. 118-120), and Bramlette (1936, p. 7, pi. 9), have not 
attempted to divide it into smaller units. In central 
and northeastern Arkansas it has been confused with 
the overlying Claiborne group which also is composed 
of nonmarine beds. The true contact of the Wilcox 
and Claiborne has never been clearly identified at the 
surface and has been only approximated in mapping. 
Some geologists have included the Wilcox with the 
Claiborne beds as undifferentiated continental strata 
of Eocene age.

In the present work on the Arkansas bauxite region, 
a threefold division of the nonmarine sediments of the 
Wilcox group is recognized, in ascending order: Berger 
formation, Saline formation, and Detonti sand. The 
basal beds of the Wilcox group as thus defined rest 
unconformably upon marine sediments of the Midway 
group. The uppermost beds are overlain by variegated 
clay and sand and thin lignite beds similar to those 
assigned in other parts of Arkansas to the Claiborne 
group. Whether this represents the true contact of 
the Wilcox and Claiborne must be decided by later 
studies.

Geologic mapping in Alabama, Georgia, and Missis 
sippi since 1942 b}T members of the U. S. Geological 
Survey has radically revised the stratigraphic position 
of the Wilcox and Claiborne contact, lowering it con 
siderably in most places. F. Stearns MacNeil (1950, 
oral communication) believes it likely that the Wilcox 
in the Arkansas bauxite region, on a litholo^ic basis, 
probably should be restricted to the Berger formation. 
This problem, however, can be solved only by regional 
studies and in this report current usage for Arkansas is 
being followed.

The total thickness of the Wilcox group was drilled 
through in 18 of the deep holes to check the results of 
the geophysical surveys. In some of these hoT es a con 
siderable part of the Wilcox was cored. The combined 
thickness of the three formations of the Wilcox group 
in these drill holes ranges from 741 to 1,025 fe^t.

BEKGEE FOKMATION

Definition. The Berger formation is proposed to 
include all the terrestrial rocks between the uncon 
formity at the top of the marine sediments of the Mid 
way group and the unconformity at the base of the 
Saline formation. It comprises a section of gray and 
greenish-gray silty clay and argillaceous sand and some 
interbedded lignite and sideritic layers, between the
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dark-gray marine clay below and the chocolate-brown 
silty to sandy clay beds above. Where the formation 
abuts the nepheline syenite masses it includes many 
bauxite deposits of the Arkansas bauxite region and 
the associated kaolinitic fragmental underclay. Most 
of the bauxite deposits that were explored during this 
investigation were formed during Berger time.

The formation receives its name from the Berger 
siding on the Iron Mountain branch of the Chicago, 
Rock Island, and Pacific Railroad about 4 miles south 
of Little Rock in Pulaski County, along the west line 
of sec. 4, T. 1 S., R. 12 W. This siding serves the 
plants of the American Cyanamid and Chemical Corp. 
and is adjacent to many bauxite pits in which the 
bauxite, gray clay, sand, black carbonaceous clay, and 
lignite of the formation are exposed. Three-fourths 
of a mile west of Berger at the Brittain siding the 
formation is exposed in both the railroad and the high 
way cuts. This locality shows the best exposures of 
the formation except those in the bauxite pits. The 
locality is described as the type section because of its 
continued availability. The pits, when abandoned, 
will rapidly fill with water and their walls slump, thus 
obliterating the exposures.

Distribution and surface outcrop. The formation is 
exposed in a narrow discontinuous band of outcrop 
as much as \% miles wide. The outcrop area extends 
northeastward from Hurricane Creek in Saline County 
to the northeast end of Fourche Mountain in Pulaski 
County. West of Hurricane Creek the formation 
wedges out beneath the Saline formation. In Pulaski 
County the Berger formation is absent between the 
Saline and Wills Point formations in Tertiary outliers 
north of the main Midway and Wilcox contact. At its 
east end the outcrop area of the Berger is truncated by 
Quaternary sediments of the Arkansas River flood plain. 
Most of the Berger outcrops are distributed along the 
south side of the broad low valley of Fourche Creek 
that flows in a general northeasterly direction. Several 
large drainage channels on the old post-Midway erosion 
surface intersect and trend southeastward at right 
angles to the valley of Fourche Creek. These channels 
are filled with the thicker parts of the Berger formation 
and have been exposed by recent erosion, so that they 
are the most extensive outcrops of the Berger formation. 
Most of the outcrops, however, are hidden by surface 
sand that has slumped down from the overlying Saline 
formation and the Berger formation is exposed only in 
a few roadcuts, or where bauxite deposits have been 
hard enough to resist erosion and stand out as topo 
graphic rises.

The soft clay and sand beds of the Berger do not make 
good outcrops and the normally hard lignite and ligmtic 
clay beds when exposed to the air quickly slack.

Therefore a topographic surface cut in the Berger forma 
tion is flat and poorly drained, much like a surface on the 
Wills Point formation. The Berger formation has Hen 
mapped largely by projecting the information obtained 
in drill holes near the contacts and correlating the 
known outcrops, the topography, the knowledge of the 
overlap by the Saline formation, and the inferred extent 
of erosion of the overlying formations to determine the 
approximate outlines of the outcrop areas. It is pos 
sible that some of the low flat areas mapped as Wills 
Point actually are Berger, also that a small part of the 
area mapped as Saline formation actually is the Berger 
formation covered by a thick deposit of sand and 
ironstone from overlying formations. However, the 
drill-hole data that were used during mapping ensure a 
reasonable accuracy of the location of the contacts.

Thickness. In natural surface outcrops the Berger 
formation reaches a maximum thickness of 25 feet. 
In some localities the outcrops are covered by surface 
sand and not visible to the observer, but are as much as 
90 feet thick. In the bauxite pit mines the formation 
ranges from 2 to as much as 90 feet. Its lower contact 
with the Wills Point formation is rarely exposed in the 
pits.

Drill-hole data along the flanks of the nepheline 
syenite masses indicate that the formation thins 
abruptly upslope and toward the heads of the valleys 
on the old Midway surface, pinching out entirely ageinst 
the nepheline syenite and rocks of Paleozoic age. 
Downslope the formation thickens considerably and 
reaches a maximum thickness of more than 300 feet. 
Holes drilled along a narrow northeasterly strip about 
tangent to the downslope bases of the buried Pulaski, 
Ledbetter, Sardis, and Saline nepheline syenite highs 
in Pulaski and Saline Counties penetrated a thickness of 
the Berger formation that ranges from 142 to 208 feet 
and averages about 185 feet. The greatest thickness 
of the formation was found in the holes drilled in the 
southeastern part of the bauxite region to check the 
results of the geophysical surveys. As interpreted from 
geologists' logs a maximum thickness of 347 feet was 
drilled in two holes: USBM 6-002 in the NEtfNWtf 
sec. 31, T. 2 S., R. 11 W., in Pulaski County, and 
USBM 6-018 in the NW#NE# sec. 14, T. 3 S., R. 13 
W., in Grant County.

Lithologic character. The Berger formation contains 
sediments with considerable lateral variations, but the 
outstanding lithic features of the stratigraphic unit 
are the general gray to greenish-gray color of its sand 
and clay and the scarcity or local absence of coarse 
clastic material. The formation levels off the ir 
regularities of the old Midway surface, combining 
material locally derived and deposited in small tributary 
valleys with material brought from more distant and
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varied sources. The sediments largely of local origin 
include lignite and other carbonaceous material, 
kaolinitic clay, bauxitic clay, and bauxite. The 
sediments of more foreign origin consist principally of 
silt and sand ranging from coarse to very fine. They 
vary widely in mineralogic constituents but include 
an appreciable quantity of feldspathic detritus.

The comparatively fine grain size of the quartz and 
the large amount of admixed feldspathic material, a 
great deal of which has weathered and forms a clay 
binder, distinguish sands of the Berger formation 
from those of later Eocene formations in the region. 
Decomposed feldspar in these deposits has been noted in 
drill holes as far downslope as Sheridan in Grant 
County.

The formation in the bauxite region contains about 
equal amounts of sand, silt, and kaolinitic clay, in 
cluding small amounts of other clay minerals, bauxite 
and bauxitic clay, lignite and lignitic clay, and sideritic 
siltstone in lenticular layers as much as 2 feet thick. 
Although some of the sand is coarse, and locally con 
tains a basal clayball conglomerate bed as well as several 
intraformational conglomerate beds, most of the sand of 
the Berger formation is fine grained. Locally the forma 
tion also contains sideritic or limoiiitic concretions. 
Some of the limonitic concretions are flattened, are as 
much as a foot in length long, and are partly hollow in 
side. Most of the sideritic concretions are solid, granu 
lar, and reach a maximum of 3 feet in length. Some 
solid ferruginous concretionary lenses in the overburden 
of the bauxite pits preserve the bedding of the clay and 
silt contained in them and reach a length of 15 feet and a 
thickness of 18 inches.

A section of the Berger formation at its type locality 
at the Brittain siding exposure, three-fourths of a mile 
southwest of Berger, follows:

Section on the south side of the Chicago, Rock Island, and Pacific 
Railroad tracks on the east side of the viaduct and road crossing 
the tracks at the Brittain siding, Pulaski County, in the SE]iSW}i 
sec. 5, T. 1 S., R. 12 W.

[The section extends from the hottom of the borrow pit north of the tracks and con 
tinues southward along thv east side of the \ iaduct to the road level, then eastward 
to the top of the hill. Measured by M. W. Ellisl

Approximate
Wilcox group: Thick- altitude top

Saline formation:
Covered interval, low flat slope littered

with slabs of hard limonitic concretions
and indurated sandstone.____________

Covered interval, steep slope littered with
slabs of hard limonitic concretions and
indurated sandstone.________________

Thick 
ness 
(feet)

of bed
(feet)

8. 0 313. 0

6. 0 305. 0

Section on the south side of the Chicago, Rock Island, and Pacific 
Railroad tracks on the east side of the viaduct and road crossing 
the tracks at the Brittain siding, Pulaski County, in 
sec. 5, T. 1 S., R. 12 TF. Continued

Saline formation Continued
Sand, red, yellow, and brown, medium- to 

coarse-grained, mostly well rounded 
clear quartz with a few beds containing 
white or pinkish clay balls and frag 
ments from YGI to % inch in diameter. 
Beds range from 2 inches to 2 feet in 
thickness and are crossbedded; discon 
tinuous layers of hard limonitic con 
cretionary layers or indurated sand 
stone separate beds___________________

Sand, white, medium- to fine-grained, 
mostly well rounded and sorted quartz, 
but containing abundant small weathered 
mica flakes, somewhat clayey ___________

Clay, chocolate-brown, silty to sandy, con 
taining abundant mica, carbonaceous, 
thin-bedded, with sand and mica on bed 
ding planes. Rests unconformably upon 
bed below.___________________________

Berger formation:

Clay, medium-to light-gray, dries white, 
massive, and has an irregular hackly frac 
ture, contains abundant fine silt and scat 
tered small brownish carbonaceous frag 
ments. Sample 120 _ __________________

Clay, same as above and below except that it 
is darkened by more abundant carbona 
ceous matter. Sample 121____________

Clay, gray, with some yellow or orange stain 
ing and mottling by iron oxide. Contains 
abundant silt and some irregularly distri 
buted fine-grained quartz sand as well as 
scattered brownish carbonaceous frag 
ments. Siderite common in small dissemi 
nated pellets, most of which are partly 
altered to limonite. Large round brown 
limonite-stained siderite concretions, some 
reach a maximum of more than 1 foot in 
thickness. Bedding is apparent only in 
the lower few inches which are laminated 
and contain less silt. Sample 122_ _______

Lignite, brownish-gray to black. A dark- 
gray carbonaceous silty clay containing 
thin brownish-black stringy carbonaceous 
seams and a few thin 0>2-1 inch) layers of 
soft, spongy, sooty lignite. Most of the 
interval is poorly bedded as the carbona 
ceous seams are discontinuous, but in the 
upper part the bedding is more apparent 
and a 1-inch layer of medium-gray clay 
extends throughout the small exposure__

Approximate 
Th'ck- altitude top 

ness of bed 
(feet) (feet)

19. 3 299. 0

. 7 279. 7

1. 5 279. 0

6 0 277. 5

1. 0 271. 5

7. 5 270. 5

1. 8 263. 0
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Section on the south side of the Chicago, Rock Island, and Pacific 
Railroad tracks on. the east side of the. viaduct and road crossing 
the tracks ai the Brittain, siding, Pulaski County, in the SE^SW1,^ 
sec. 5, T. 1 S., R. 12 W.  Continued

Berger formation Continued
Clay, gray, darker at the top because of 

carbonaceous stain and a few rootlike 
carbonaceous fragments, some small 
spherical bodies filled with a yellowish 
granular clay occur sporadically. Sample

Thick- 
ness
(feet)

Approximate
altitude top

of bed
(feet)

0. 7 261. 2
Clay, cream-gray, somewhat harder and 

tougher than the intervals above and 
below gradational contacts. This clay 
is somewhat porous and contains spherical 
cavities about three-sixteenths inch in 
diameter as well as some clayey pisolitic 
structures. Samples 124 and 125 ____- 2. 5 260. 5

Clay, cream-gray to gray, somewhat porous 
at top but denser at depth, contains 
abundant disseminated limonite-stained 
pellets and aggregates of pellets which 
were probably siderite remnants. Limo- 
nitic films in irregular cracks in the clay. 
Sample 126_____-____________________ 1.5 258.0

Covered interval ± 100 feet wide occupied
by railroad right-of-way _______________ 3. 0 256. 5

Clay, yellowish brown, limonitic, apparently 
a continuation of the interval across the 
tracks. The limoiiite is apparently re 
placing siderite pellets which occurred in 
abundance, particularly at the base of 
the interval. This part is very near the 
surface of the ground and is poorly ex 
posed. (Sample 127. May be contami 
nated.) ______________________________ 3.5 253.5

Total thickness of the Berger forma 
tion.--. _________________________ 27. 5

Midway group:
Wills Point formation:

Clay, white, stained with red and yellow
iron oxide; some fine indistinct mica 
ceous flakes and some traces of bedding
are apparent. Breaks with a more
nearly conchoidal fracture than any of
the above clays and has a soapy appear 
ance and touch. Sample 128__-_____ 2.0 250.0 

Clay, light- to dark-gray with red and
yellow iron oxide stains; the upper part
is mottled but the lower part is banded.
Bedding is distinct but the clay breaks
across the bedding with a conchoidal
fracture and soapy appearance; fine
micaceous flakes throughout. Samples
129 and 130_. ______________________ 4.0 1 248. 0

Clay, dark-gray, silty, micaceous, very
plastic; breaks easily along micaceous
bedding planes and conchoidally across
bedding.______      __._______ 3.0 1 244. 0

1 The lower 4 feet of this section is normally below the level of 
the water in the borrow pit at this point. A hand auger was 
used to determine the top of the fresh clay of the Midway.

Sample

120____________
121-.-   _ _
122
123____________

125____________
126________ ___
127.. ___ _ _ -_ 
128 
129-~~___-I_~ -
130. __________

Alti 
tude

274.0
271.0
263.4
261.0
''60 0
258.5
258.5
252. 0 
249. (1 
247.0
245. 0

AlaOs

21.5
12.2
29.8
39.2

39.2
38.5
29.0 
26.9 
26.2
25.6

SiO2

66.7
78.7
40.3
41.0

42.5

46.2 
58.8 
59.3
fi3.8

Fe as 
Fe 2O3

1.0
1 2

14.7
1.1

1.1
1.5
9.8 
4.5 
4.7
1.4

TiO.

1.1
1.9
2.0
2.5
r> g

2.8
2.0
2.0 
1. 1 
1.1
.8

Igni 
tion 
loss

6.7
4.0

11.5
15.0
14.8
13.5
13.3
11.5 
8.2 
8.1
7.6

Insolu 
ble

3.0
2.0
1.7
1.2

.9
1.0
1.5 
.5
.6
.8

FeO

0.3
.2
.2
.3

T

.2

.2
'.3 

.3
9

Chemical analyses were made of some of the clay in 
the foregoing section. Analyses of the samples and 
altitude at which they were collected are as follows:

Analyses of clay samples from the Berger and Wills Point forma 
tions, Brittain siding exposure, Pulaski County, Ark.

[Samples 120-127 inclusive from the Berger formation; 128-130 from the Wills Point 
formation. Collector, M. W. Ellis. See section for more detailed localities of 
samples. Analyses by field laboratory of the IT. R. Bureau of Mines, Littl* Rock, 
Ark.l

Fades types. Three distinct facies can be distin 
guished in the sediments referred to the Berger forma 
tion. These are deposits of bauxite, bauxitic clay, and 
kaolinitic clay that form a considerable part of whr,t has 
been referred to by Bramlette (1936, p. 6) and other 
geologists as the "bauxite-kaolin zone;" deposits of 
lignite, lignitic clay, and gray silty clay that overlie the 
bauxite deposits in many open-pit mines; and deposits 
of gray "salt and pepper" or grayish-green sand that 
occupy channels in the lignitic beds in the overburden 
sections at several of the bauxite pits, that underlie lignite 
beds locally in several of the drilled areas, and that form 
a major part of the formation downslope from the 
bauxite area.

In the main subsurface drainage channels most of the 
Berger formation is composed of sand brought from the 
area of rocks of Paleozoic age to the northwest. Up- 
slope, near the nepheline syenite hills, much of the 
sedimentary material in the formation is of local origin, 
and the sandy facies is absent at many localities. 
Where all three facies are present in the bauxite pit 
areas they usually occur in vertical section in the order 
listed above from base to top. The diagrammatic 
sketch, figure 7, shows the probable relationship 
between these three facies, particularly in the area 
along the west flank of the Pulaski nepheline syenite 
high and the east flank of the Saline dome.

The bauxite-kaolin facies is not a true stratigraphic 
zone, hence the term "bauxite-kaolin zone" is not 
employed in this discussion of the stratigraphy. It is 
a local lithic facies composed of weathered materials 
derived largely from the nepheline syenite and deposited 
at the lip of the formation along the nepheline syenite 
hills during the entire span of Berger time. The 
limited distribution of this facies as a fringe around the
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- ---'Gray silty clay and:,^

         r:   lignite facies~.~_ _.=

FIGURE 7. Diagrammatic sketch showing the probable relationship of the three principal lithologic fades of the Berger formation at its upslope lip.

Pulaski iiepheline syenite hill is shown on the subsur 
face map (pi. 2). The basal part of the bauxite-kaolin 
facies is a gray clay, normally fragmeiital and irregularly 
mottled by red iron oxide stain. It commonly contains 
a considerable amount of material derived from the 
immediately underlying rock as can be noted where the 
underlying rock is shale of Paleozoic age or clay of the 
Wills Point formation, weathered fragments of which 
can be easily recognized. Most of the material, how 
ever, is detritus derived from the weathered iiepheline 
syenite higher up 011 the slopes and contains unaltered 
minerals of the parent rock, such as tiny ilmenite and, 
less commonly, magnetite grains. The fragmental 
clay also contains siderite in small flesh-colored pellets, 
generally about a millimeter in diameter but locally as 
much as 5 millimeters, or in larger aggregates or pockets 
of pellets. Upward toward the center of the bauxite- 
kaolin facies the clay is gradually less siliceous and in 
many places is gibbsitic and locally contains small frag 
ments of bauxite. Irregular lenticular bodies of pisolitic 
bauxite occur in the middle of the bauxite-kaolin facies 
at closely spaced intervals laterally along the flanks of 
the iiepheline syenite masses. The upper few feet of 
the interval is generally kaolinitic, gradually increasing 
in silica upward. At some localities the clay is frag 
mental. Above bauxite ore bodies the clay commonly 
is pisolitic and hard or tough, though composed largely 
of kaolin. The upper contact of the interval is nor 
mally an abrupt gradation upward to the overlying 
lignite and gray-clay facies. The total thickness of the 
bauxite-kaolin facies reaches 100 feet at several locali 
ties, notably in the SW%NE% sec. 33 and the

sec, 36, both in T. 2 S., R. 14 W., but in 
most of the region it is less than 50 feet thick. The 
clay and bauxite deposits of this facies are described 
more fully in the economic section of this report, 
following page 169.

A lignitic bed directly overlies the bauxite-kaolin 
facies at many localities. This may be either a black 
carbonaceous kaolinitic clay or it may consist of as 
much as 6 feet of hard blocky woody lignite containing

soft fissile layers of clayey partings. The bedding 
usually is well marked where the lignite is hard and 
fairly pure, but is not obvious where carbonaceous clay 
is present. Normally, light- to dark-gray or greenish- 
gray silty clay, 2 to 8 feet thick, overlies the lignitic bed. 
At some places this bed is kaolinitic and comparatively 
silt free; elsewhere it may consist of well-rounded peb 
bles and hard pisolites of bauxite that locally are sorted, 
stratified, or even crossbedded. The last occurs com 
monly where the underlying lignite bed rests directly 
upon pisolitic bauxite. The clay or bauxite bed above 
the lignite may be overlain by another bed of lignite or 
carbonaceous clay, kaolinitic clay or sandy to silty 
clay. This succession of beds or parts of it locally are 
repeated several times in ascending section and the 
succeeding clay beds often contain considerable silt and 
fine sand. As much as 60 feet of the lignitic interval is 
found overlying the bauxite-kaolin facies downslope 
from its outcrop. The top of the lignite and gray clay 
interval in some places is gradational upward into gray 
silty to sandy clay, and in other places is an irregular 
erosional contact caused by intraformational channeling. 
Later channels cut earlier ones across beds of the lignite. 
They reach 200 feet in width and are more than 20 feet 
in depth.

The beds of the third and uppermost lithologic facies 
in the bauxite pits of the Berger area are gray or green 
ish-gray silty to sandy clay and sand. Some parts are 
thin bedded, some massive; crossbedding is common 
(fig. 8) and thick irregular beds or large pockets of in 
traformational conglomerate are present locrlly. Clay 
"boulders" in these conglomerate beds in places are 
3 to 5 feet in diameter but commonly are pebble size, 
y2 to 1 inch across. Most of the "boulders" and partic 
ularly the large ones are angular and are composed of 
gray to greenish-gray silty clay and sand derived from 
the Berger formation. Locally, near the b Q,se of the 
sandy interval, bauxite pebbles or lignite fragments and 
rarely fragments of the Wills Point formation or clay 
are derived from the kaolinization of iiepheline syenite. 
The matrix of the conglomerate is a coarse greenish-
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FIGURE 8. Section of the Berger formation exposed in the east wall of the Winn mine 
near Berger, Pulaski County. It is about 65 feet from the ground surface to the top 
of the bauxite. Stripped waste (a). Grayish-green silty sand, gently cross- 
bedded (6). Lignite and cream to gray silty clay (c). Pisolitic bauxite bed, 
clayey at top (if).

gray sand. At some localities along the flanks of the 
nepheline syenite hills, lenses of white kaolinitic clay 
contain some sand or silt and more rarely small lenses 
of low-grade bauxite or bauxitic clay. These lenses 
are downslope from bauxite deposits of the bauxite- 
kaolin facies, and occupy channels that locally cut into 
the bauxite. The bauxite lenses are fragmental and 
some contain concentrations of dark heavy-mineral 
grains, particularly ilmenite, in small pockets and ir 
regular layers. In drilled sections at several localities 
silty and kaolinitic clay beds, lignite, and bauxite beds 
have been found stratigraphically above sandy beds of 
the grayish-green sand facies. Surface exposures show 
ing this relationship have not been observed. The 
sandy facies of the formation exposed in some of the 
bauxite pits near Berger reaches 60 feet in thickness, 
but drill-hole information indicates that it is consider 
ably thicker basinward.

The three lithic facies described above grade into one 
another laterally and transgress the section at a low 
angle. The probable relations of the sediments are 
shown on the diagrammatic sketch, figure 7. Bauxite 
and kaolin are at the upslope edge of the formation on 
the surface of the weathered nepheline syenite. lignite 
and carbonaceous clay are a short distance downslope on 
the same depositional surface of the Berger, and sand 
and silt are found farther out in the basin. The sand 
and silt encroach upslope on the lignite and clay, and 
the lignite and clay encroach upon and cover the kaolin 
and bauxite.

This relationship is also shown in the series of corre 
lated columnar sections of drill holes along a northwest 
ward-trending line in the Hurricane Creek drilling area

in sees. 17 and 18, T. 2 S., R. 13 W., shown on plate 4. 
Location of the section is shown on plate 2. The line 
of sections extends from a subsurface drainage, sec. 18, 
T. 2 S., R. 13 W., Saline County, Ark., on the post- 
Midway surface upslope through the Hurricane Creek 
deposit. The stratigraphic features shown by these 
sections include the green sand as the dominant part of 
the Berger in the major subsurface drainage channels; 
the unconformity at the base of the Berger formation 
with the underlying Wills Point clay locally eroded so 
that the Berger formation rests on residual clay derived 
from the nepheline syenite; passage laterally and up 
slope of greenish-gray sand and bluish-gray "salt and 
pepper" clayey sand, through gray to white clayey 
sand, to dark-gray sandy clay, to lignite and carbona 
ceous clay; wedging out of this same lignite and carbo 
naceous clay between kaolinitic and bauxitic clay of the 
bauxite-kaolin facies; wider distribution of the sandy 
facies in the upper part of the Berger formation; the 
almost complete wedging out upslope of the Berger for 
mation; and channeling of the top of the Berger for 
mation by dark-brown carbonaceous sandy clay of the 
overlying Saline formation.

The lateral gradation of the lignitic and the bauxitic 
facies of the Berger formation also is indicated by sec 
tions observed in several of the bauxite pits and by a 
study of some of the closely drilled areas such as the ore 
bodies of the Woodyardville area in Pulaski County. 
Holes delimiting the Thomas-Williams bauxite deposit 
in sees. 35 and 36, T. 1 S., R. 14 W., in Saline County, 
cut as much as 10 feet of fragmental lignite and carbona 
ceous clay which had been deposited under the bauxite 
in the bottom of small enclosed basins on the weathered 
surface of the Midway. The carbonaceous clay is over 
lain by a thin fragmental underclay of the Thomas de 
posit. Along the north face of the Elrod bauxite 
pit in Saline County, beds of lignite and light-gray 
clayey sand are increasingly more kaolinitic and thinner 
upslope to the point where they merge inconspicuously 
into the kaolinitic clay in the upper part of the bauxite- 
kaolin facies.

In the vicinity of Woodyardville, holes drilled in beds 
of lignite and kaolinitic clay cut nearly horizontally 
through the bauxite of the Birnbach No. 1 deposit in 
the NWtfNW# sec. 11 and the Birnbach No. 3 deposit 
in the SW%NW% sec. 11, T. 1 S., R. 12 W. These 
beds continue downslope into a typical lignitic facies. 
Lignite and carbonaceous clay beds between two bodies 
of bauxite have also been found at several other locali 
ties on the southeast flank of the Pulaski nepheline 
syenite hill, notably in the southern part of the Rat- 
cliffe bauxite deposit in the E#SE# sec. 24, T. 1 N., 
R. 12 W.; also in the Glidewell deposit located in the 

sec. 11, T. 1 S., R. 12 W. near the Birnbach
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deposits mentioned above; and on the southwest side 
of the Brown bauxite deposit in the E%SE% sec. 15, 
T. 1 S., R. 12 W. A bed of lignite about 14 inches 
thick, which dips as much as 8° northwestward, divides 
the bauxite in the southern part of the Rummel deposit 
on the west side of the Pulaski nepheline syenite high, 
in the NEtfSEtf sec. 21, T. 1 S., R. 12 W. In Saline 
County, where the Berger formation does not extend 
as high up on the nepheline syenite hills, lignite beds 
that cut bauxite deposits are less common. However, 
a wedge of lignite and clay is in the southern part of the 
thick bauxite deposit mined by the Reynolds Mining 
Corp. on the Fletcher 40, in the SE#SW}£ sec. 11, 
T. 2 S., R. 14 W. In all the areas, the lignitic beds 
wedge into the bauxite deposits from the downslope 
side, and the bauxite above the lignite bed shows fea 
tures of water deposition such as sorting, stratification, 
crossbedding, and small channels that locally contain 
pockets of loosely cemented hard pisolites and pebbles 
of bauxite. The Fletcher 40 deposit also shows chan 
neling below the lignite and clay wedge, and several of 
the channels in the bauxite contain lignitic detritus.

The lateral gradation and the interfingering of the 
lignitic and the sandy facies of the Berger formation 
are indicated in the area drilled in sees. 29 and 32, 
T. 1 S.. R. 13 W., where along the west flank of a major 
subsurface drainage system thick sections of gray silty 
clay and thin lignite beds were cut by the drill a short 
distance upslope from thick sections of greenish-gray 
clayey sand and interbedded gray silty clay.

In the major subsurface drainage systems and farther 
downslope in the basin, most of the section as shown by 
drill holes is silty and sandy, and lignite beds are scarce 
and thin where present. The following log of a drill 
hole in which the entire thickness of the Berger forma 
tion was cored will show the gradational and almost 
rhythmic succession of beds where the formation is 
thick.

Partial log of USBM drill hole 6-026

Location: SEJ4SE14NEJ4 sec. 7, T. 2 S., R. 11 W., 2 miles northwest of Woodson,
Pulaski County, Ark. 

Elevation collar: 254.7 feet 
Geologists: J. I. Tracey, Jr., and J. H. Morris

Berger formation:
Silt, gray, laminated, micaceous; contact 

with overlying Saline formation very 
sharp; grades downward to interval 
below ____________________________

Clay, dark-brown, waxy, carbonaceous, 
containing thin beds of lignite in 
middle of interval; grading in lower 
foot to interval below______________

Silt, clayey, to silty clay, green, grading 
downward through gray to greenish- 
brown, laminated, waxy ____________

Thickness 
(feet)

11

Depth 
(feet)

570-578

578-585

585-596

Partial log of USBM drill hole 6-026 Continued

Berger formation Continued
Clay, brown, carbonaceous containing 

some lignite_______________________
Clay, silty, light-brown, grading through 

green silt to interval below_________
Sand, light-green, fine-grained, chiefly 

quartz and feldspar, soft (indurated 
layer 606-607); increasingly silty in 
lower part of interval_____________

Silt, clayey, medium-greenish-brown____
Lignite and clayey lignite.____________
Silt, brown, grading downward to green_
Silt, and silty clay, green to greenish- 

brown, locally poorly laminated and 
interbedded with light-tannish-gray, 
fine-grained sand_________________

Clayey silt, brown, grading to silty clay_
Lignitic clay, dark-brown, with beds of 

lignite, 1 to 2 inches thick_________
Sandy clay, grayish-brown, grading 

through tan silty clay to carbonaceous 
clay and lignite__________________

Silty clay, light-bluish-gray, plastic, 
grading downwards in about 4 feet to 
a brownish-gray, very fine grained, 
soft, feldspathic sand______________

Clayey silt, gray, grading to dark-gray, 
micaceous, carbonaceous with a few 
local fine laminae; several thin beds of 
greenish-gray and dark-gray, fine 
grained sand are in the lower part of 
the interval and at 711 feet is an in 
durated sideritic siltstone 0.2 foot 
thick_____________________________

Sand, light greenish-gray, fine-grained, 
soft, with silty laminae grading in 15 
feet to dark-green, medium-grained, 
unsorted loose sand, composed of 
about 75 percent quartz and feldspar 
grains and 25 percent light- to dark- 
green decomposed grains. A 1.5- 
foot silt ball conglomerate bed marks 
the base of the interval_____________

Conglomerate, soft bauxitic pisolites in 
a white sandy clay matrix; sand grains 
same type as in overlying interval____ 

Total thickness of Berger for 
mation cored________________

Thickness 
(feet)

Depth
(feet)

1 596-597

2 597-599

14 599-613
1 613-614
4 614-618
2 618-620

24 
W

620-644 
644-654

654-663

663-672

23 672-695

48 695-743

23 743-766

IK 766-767. 5 

197+

The basal part of the greenish-gray sand that occupies 
the lower part of the Berger formation in many of the 
major drainage areas contains bauxite fragments and 
reworked pisolites at many localities and lignite frag 
ments at some. This indicates that the basal sand is 
younger than some of the bauxite deposits and lignite 
beds of the formation.

Relation to underlying rocks. In most of the bauxite 
area the Berger formation rests upon the eroded and 
weathered surface of the Wills Point formation. Along 
the lower slopes of the nepheline syenite hills it generally
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overlaps the Wills Point and rests on residual clay 
derived from weathering of the nepheline syenite or 
the rocks of Paleozoic age. In larger subsurface 
valleys, scour during or before the deposition of the 
Berger has removed the Wills Point formation, and the 
Berger rests upon calcareous beds of the Kincaid or 
upon the basement rocks.

Fossils and correlation.   Only a few plant remains 
have been found in the Berger formation. Most of 
them are fragmentary or unidentifiable leaves or stems, 
except for several small but moderately well preserved 
leaf imprints found in cores taken in exploratory drill 
holes. One of these from a sideritic siltstoiie layer 
immediately overlying the bauxite at a depth of 250.7 
feet in USBM drill hole 6-143, in the SWtfSEtf sec. 
16, T. 1 S., R. 12 W., in Pulaski County, was identified 
by R. W. Brown as CercidiphyUum arcticum (Heer) 
Brown ( Cercis wilcoxiana Berry), a typical Wilcox 
species.

A thin layer of brownish-gray carbonaceous silty 
clay in the upper part of the Berger formation, a few 
feet above the water level in the abandoned McGuire 
bauxite pit, has yielded a small but well-preserved 
flora. The fossil collection from locality 9063, made 
near the access road at the south side of the pit, was 
studied by R. W. Brown who reported that the following 
species indicate an Eocene age and the zone probably 
represents the early part of the Wilcox group.

Locality 9063. McGuire bauxite pit, south side. 
sec. 8, T. 1 S., R. 12 W., five-eighths mile southwest of Berger, 
Pulaski County. In the Berger formation, S feet below the top.

[Collected by M. Gordon, Jr., M. W. Ellis, and J. I. Trueey, Jr. in 1915]

Anemia eocenica Berry
Unidentified monocotyledon
Ficus mississippiensis (Lesquereux) Berry

myrtifolia Berry
CercidiphyUum arcticum (Heer) Brown 
Artocarpus pungens (Lesquereux) Berry 
Menispermites ivilcoxensis Berry 
Fragments of other dicotyledons

In recent years in other parts of the Gulf Coastal 
Plain geologists have been placing the base of the 
Wilcox group at the base of the Ostrea thirsae bed or 
its supposed lateral equivalents where the marine facies 
is developed. This relegates to the Midway group in 
parts of that region some continental and deltaic beds 
overlying the black clay of the Midway, formerly 
considered to belong in the Wilcox group. In the 
Sabine uplift area in northwestern Louisiana deltaic 
beds deposited along a fluctuating seashore and aggre 
gating more than 600 feet in thickness now are divided 
into three formations, the Naborton, Logansport, and 
Hall Summit formations, from oldest to youngest, all

assigned to the MidwajT group (Murray and Thomas, 
1945, p. 45-70). Some of these beds contain marine 
fossils believed to be of Midway age (Barry and Le 
Blanc, 1942; and Murray, 1941, p. 738-742), and others 
contain fossil leaves formerly thought to be typically 
of Wilcox age by Berry (1916, p. 56-57). As the 
succession of marine invertebrate faunas of the Gulf 
Coastal Plain is much better known than that of the 
terrestrial floras, the implication of these Louie1 'ana 
fossils is that the flora of Midway age, if ever found in 
abundance, may contain many of the same species of 
plants as the flora of Wilcox age. Some of the above- 
mentioned beds of the Sabine uplift are probably 
equivalent to the upper part of the Wills Point forma 
tion in other areas, but some are thought to be younger.

The stratigraphic succession in Louisiana suggests 
that in the Arkansas bauxite region continental sedi 
ments may have been deposited during the retreat 
of the sea in Midway time while marine sediments were 
being deposited farther downslope, and therefore that 
at least part of the Berger formation may be of Midway 
age. On the other hand, F. S. MacNeil (oral communi 
cation, 1950), who has mapped and studied the Coastal 
Plain sediments east of the Mississippi River and who 
has also seen the section in the Arkansas bauxite region, 
stated that the Berger formation is similar lithologically 
to the Wilcox of Alabama and Mississippi and is unlike 
any of the Midway sediments that he has examined. 
The writers, therefore, are following earlier workers in 
considering the lower continental sediments in the 
bauxite region to belong in the Wilcox group.

Conditions of deposition. The sediments of the 
Berger formation are continental and combine material 
locally derived from the weathered nepheline syenite 
and the surface of the Midway group with material 
brought from a greater distance, some of it from outside 
the region. Much of this foreign material had its origin 
in the rocks of the upland that fringes the bauxite 
region along its north and northwest edges and the green 
color of many of the Berger sands in the major drainage 
area probably is in part due to chloride detritus from 
these altered shale and sandstone beds of Paleozoic age.

The withdrawal of the sea during Midway time from 
the bauxite region resulted from a broad gentle uplift 
of the land mass at the north edge of the Paleo^ene 
shoreline. The sea gradually withdrew almost half 
the distance to the present Gulf Coast, and the sedi 
ments of the former sea bottom were exposed to 
weathering. The islands of nepheline syenite rock that 
had been eroded during Midway time now became low 
hills standing above the muddy flatlands. A drainage 
pattern was established on the Midway sediments, con 
trolled in part by compaction over earlier drainage cut 
in the harder rocks. A period of weathering began
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under a tropical or subtropical climate, as indicated by 
the bauxitization of part of the igneous rocks. Deposi 
tion began in the valleys and depressed areas, and 
weathering of the pre-Wilcox rocks was confined more 
and more to the elevated parts of the region.

Bauxite and kaolinitic clay formed as weathering 
products particularly of the nepheline syenitic rocks, 
almost concurrently with the withdrawal of the sea 
from the bauxite region. The period of bauxitization 
may have lasted throughout Berger time.

Probably the first sediments deposited at this time 
were the fragniental kaolinitic clay layers of the lower 
part of the bauxite-kaolin facies. These were laid down 
as a series of coalescing fans that formed a peripheral 
band around the lower slopes of the nepheline syenite 
hills. Into the upper clay layers were brought frag 
ments of bauxite and bauxitic clay that were being- 
formed farther upslope. Once the drainage system in 
the bauxite region had attained a state of equilibrium, 
a period of alluviation began with an accompanying 
rise in base level. The coarse sediments, mostly sands 
of Paleozoic age from the uplands to the north, were 
deposited in the major channels; finer sediments and 
carbonaceous material such as lignite, lignitic clay, and 
silty or nonsilty and kaolinitic clay were deposited along 
the margin of the major drainage channels and in lesser 
tributaries; and colluvial and alluvial aprons of bauxite 
and bauxitic and kaolinitic clay continued to be de 
posited at the base of the nepheline syenite slopes at the 
upslope edge of the formation.

The lignite resulted from the accumulation of vegeta 
tion, either where it grew in swampy areas of the flat- 
land, or where it was washed into valley bottoms. 
The beds of lignitic and carbonaceous clay in the basal 
part of the fragmeiital kaolinitic underclay of the 
Thomas-Williams bauxite deposit in Saline County, 
occupy the bottom of small closed basins and indicate 
that vegetal matter probably accumulated before as 
well as during and after the deposition of the bauxite- 
kaolin facies. However, these materials were preserved 
only where conditions were peculiarly favorable for 
preservation, or conversely, where they were unfavor 
able to the abundant growth of micro-organisms that 
would destroy the carbonaceous residue of the macro- 
flora almost as fast as it was formed.

As the base level of deposition rose the sedimentary 
material deposited by the main streams encroached 
upon the more locally derived sediments. The baux 
ite-kaolin facies was deposited higher and higher on 
the weathered nepheline syenite slopes, lignite and 
clay beds were deposited on parts of the bauxite- 
kaolin facies, and sandy strata on top of the lignite 
and clay beds. During late Berger time sand and silt 
from the major drainage channels were deposited

throughout most of the area, and only at the upper end 
of small tributary valleys did the locally derived 
nonsilty clays continue to be deposited. At some 
localities erosion became more vigorous along the 
slopes of the nepheline syenite hills, and new channels 
were cut through the earlier deposited Berger sedi 
ments and were filled by green sand and silty clay 
brought in by the streams as well as by rubble from 
adjacent slopes. The final effect of Berge*- deposition 
was the leveling of the region by the widespread 
deposition of silt and fine sand carried by sluggish 
though seasonally active rivers.

SALINE FOKMAT1ON

Definition. The name Saline formation is here 
proposed for the thick section of dark chocolate-brown 
laminated clay and silt and interbedded white, tan, 
orange, and red sand that lies above the top of the 
Berger formation and beneath the basal woody lignite 
bed of the Detonti sand. It is the most widely ex 
posed of the Tertiary formations in Saline County. 
West of Hurricane Creek it rests directly upon the 
bauxite deposits in the bauxite pits where many good 
sections are temporarily exposed. The formation 
takes its name from the Saline River and the best 
exposures are on the east bluff near the Benton pumping 
station. The section in the large road cut immediately 
north of the pumping station, several hundred feet 
east of the northwest corner, SWXSE# sec. 25, T. 2 S., 
R. 15 W., is considered to be the type locality of the 
formation.

Distribution and surface outcrop. The formation 
crops out at the surface in an irregular band as much as 
9 miles wide that extends in a northeasterly direction 
across the bauxite region and surrounds or covers a 
part of every nepheline syenite hill. The outcrop 
area has been mapped from the east bank of the Saline 
River in Saline County to the west bank of Fourche 
Bayou near Sweet Home in Pulaski County where the 
formation wedges out beneath a thick section of 
Quaternary alluvium of the Arkansas River flood 
plain. The outcrop area of the formation continues 
west of the Saline River but has not yet been traced.

Though composed largely of soft sediments, the 
formation is more resistant to weathering and erosion 
than the other older formations of Tertiary age in the 
area. This has given rise to a steeply rolling topog 
raphy of rounded ridges and gullied hills separated by 
broad shallow valleys occupied by the major drainage 
streams. Most of the area underlain by the Saline 
formation is well drained except for a few swampy 
places.

Most of the good exposures of the bede are in road 
and railroad cuts, in the bauxite pits, and along the
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banks of some streams. The thick clayey sand soil 
that usually is formed on the Saline formation is cov 
ered, except where the land has been cleared and culti 
vated, by a thick growth of oak and other hardwood 
trees and locally by some pine trees.

Thickness. The Saline formation is about 350 feet 
thick at the type locality on the east bank of the Saline 
River. East of the river, between the type locality 
and Hurricane Creek, the thickness along the north 
edge of the outcrop of the Detoiiti sand has been 
determined from many exploratory drill holes. The 
thickness in holes drilled by the U. S. Bureau of Alines 
and by bauxite companies ranges from 287 to 370 feet. 
The formation thickens abruptly, though somewhat 
irregularly, basinward and reaches its maximum logged 
thickness of 495 feet in an Alcoa Mining Co. drill hole 
at the center of the east line of sec. 11, T. 3 S., R. 14 W.

On the west slope of the buried Ledbetter iiepheliue 
syenite high the difference between a surface elevation 
on the top indurated bed of the formation and the inter 
polated elevation of the top of the Berger formation 
between two company drill holes indicates that the 
Saline formation is about 190 feet thick in the NE&SE# 
sec. 27, T. 1 S., R. 13 W. A similarly derived estimate 
at a locality about a mile dowiidip indicates that the 
thickness is 278 feet in the SE%SE# sec. 34, T. 1 S., R. 
13 W. In the northeast corner of Grant County 
USBM drill hole 6-003 in the NEJ.NEJ.NW*. sec. 6, 
T. 3 S., R. 12 W. showed the thickness of the formation 
to be 375 feet.

The formation is thin over the buried Wooclsoii nephe- 
line syenite hill in the southeastern part of the bauxite 
region. In USBM drill hole 6-026 about 2 miles north 
west of Woodson a thickness of only 165 feet was 
recorded. Thus the known thickness recorded in drill 
holes for complete sections of the formation ranges 
from 165 to 495 feet,

Lithologic character. Although somewhat variable in 
composition, the Saline formation consists of several 
types of sediments, the general appearance and charac 
ter of which are fairly uniform. An estimate of overall 
composition is three-fifths sand, one-third carbonaceous 
clay, silty clay, and silt, and the remainder composed 
in order of decreasing abundance, of gravel and rubble, 
gray argillaceous clay, siderite concretions and ferrugi 
nous layers, and lignite. Despite the predominance of 
sand, it is the chocolate-brown carbonaceous clay that 
gives the formation its distinctive character. This clay 
is common in the overburden of the bauxite pits as it 
is widespread in the lower part of the formation. In the 
Saline bauxite district the clay is interbedded and inter- 
laminated chiefly with a nearly equal amount of fine- 
to medium-grained white micaceous sand. In Pulaski 
County the relative amount of sand and silt is much

Feet

higher, and the carbonaceous clay is almost limited to 
the lower part of the formation. The upper part is 
composed mainly of fine- to coarse-grained gray, tan, 
and red sand containing some locally interbedded lenses 
of gray clay.

Normal facies:
Lithologic details at two localities for measured sec 

tions are given below.
Measurement of the first section near the B°nton 

pumping station, starts 13 feet below road leve1 and 
extends up the road cut on the east bank of the Saline 
River about 150-200 feet northeast of the pumphouse. 
The road cut is 011 a small spur that has an apiary on 
the south slope. At the top of the road cut the sec 
tion is several hundred feet to the southeast along the 
powerline road where a scraper cut exposed sand along 
the entire length of the roadside ditch. At the crown 
of the hill the section is exposed several hundred feet 
south and ends at the 445-foot summit about 1,000 
feet southeast of the point where the section was begun.

Section at the type locality of the. Saline formation near the Benton 
pumping station in the SW}'±SE}i sec. 25, T. 2 S., R. 15 W., 
Saline County, Ark.

[Measured by M. Gordon, Jr.]

Sandstone, light-tan, weathering gray, medi 
um-grained, containing some vertical hollow 
tubules as much as half an inch across 
representing leached rootlets This is the 
siliceous indurated layer that normally 
marks the top of the Saline formation. 
The bed is lenticular and the lower surface 
is uneven. It is essentially in place capping 
the hill though broken into blocks and 
partly slumped at the edges of the outcrop. _

Concealed, a sandy soil, slumped blocks of the 
bed above cover the area between the sum 
mit and the powerline road_ _____________

Sand, light-gray to nearly white, locally 
stained red, orange, and purple, medium- 
grained, micaceous, exposed continuously 
along ditch of powerline road_____________

Clay, grayish-brown, silty, carbonaceous, 
micaceous, interlaminated with light-gray, 
medium-grained sand. Top of main road 
cut at top of this unit___________________

Clay, chocolate-brown, silty, carbonaceous, 
micaceous, interlaminated with gray medi 
um-grained sand_ ___-__--___-_-___--___-

Sand, gray to nearly white, massive, medium- 
grained, composed chiefly of quartz and 
some mica _____________________________

Clay, brown, carbonaceous, silty, laminated 
with light-gray sand that ranges from part 
ings to layers an inch or more in thickness- _

Sand, brownish-gray, clayey, laminated,_____

Clay, brown, carbonaceous, silty, thinly inter 
laminated with sand________________

0. 5-2. 5 

40. 0±

75. 0±

5.0 

6.0 

6. 6

6.6 

1.3

. 5
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Section at the type locality of the Saline formaiion near the 
p^tmJ.ing station in the SW^SE}^ sec. 25, T. 2 S., R. 
Saline County, Ark. Continued

Sand, brownish-gray, clayey, laminated______
Clay, light-brown, carbonaceous, grading 

locally into almost black lignitic clay_
Sand, tannish-gray, laminated at intervals 

with thin indurated ferruginous layers as 
much as half an inch thick; also a few brown 
clay layers.____________________________

Clay, light-chocolate brown, carbonaceous, 
silty, micaceous, thinly laminated with gray 
medium-grained quartz sand _____________

Sand, brownish-gray, medium-grained quartz, 
micaceous, laminated with brown silty clay; 
fewer silty clay laminae at top__________

Sand, light-gray mottled with orange, medium- 
grained quartz, micaceous, not laminated-_

Sand, white or light-gray, micaceous, thinly 
laminated with grayish-brown silty clay____

Clay, very dark chocolate brown, carbona 
ceous, silty, interbedded with a little brown 
ish-gray medium-grained quartz sand. An 
indurated ferruginous lenticular layer of 
dark reddish-brown medium-grained sand 
as much as 0.5 foot thick lies 0.5 foot above 
the base of the facies. The top 2 feet 
locally is partly weathered to grayish brown_

Sand, grayish-white to gray, locally stained 
orange, medium-grained quartz, micaceous, 
interbedded with some grayish-brown to 
light-brown carbonaceous micaceous silty 
clay_ __________________________________

Clay, grayish-brown weathering orange, car 
bonaceous, micaceous, and thinly inter- 
laminated with light-gray medium-grained 
micaceous quartz sand___________________

Ben ton 
15 W.,

Feet 
1. 5

. 3

6. 1

3.0 

1.7 

4. 8

5. 8

5. 5

15.0

Total measured thickness of Saline 
formation exposed._______________ 185 +

Additional information concerning the lower part of 
the Saline formation which is not exposed at the type 
locality was obtained from a drill hole about 1,000 feet 
south-southwest of the pumping station and approxi 
mately along the strike of the formation from the sum 
mit capped by the top indurated sand bed. This drill 
hole was near the southwest corner of the SW^SE^ 
sec. 25, T. 2 S., R. 15 W. and its collar was at nearly the 
same level as the projected base of the measured sec 
tion. The log of this drill hole shows the base of the 
formation at a depth of 163 feet and at an altitude of 
about 100 feet making the total thickness of the Saline 
formation at the type locality about 350 feet. The log 
indicates that the lower part of the formation concealed 
beneath the flood plain of the Saline River is composed 
largely of brown to very dark brown carbonaceous clay 
like that described in the lower part of the measured 
section above. The basal 23 feet of the formation is

composed of gravel that overlies a 7-foot ligrite bed of 
the Berger formation.

Measurement of the second section, in the Section 16 
bauxite pit mine, starts at the top of the hill that has 
been cut to make the east wall of the mine from a point 
about 200 feet south and 200 feet west of the center of 
the south line of sec. 16, T. 2 S., R. 14 W., and descends 
the face to the top of the carbonaceous clay bed above 
the bauxite surface, thence a few hundred feet to the 
southwest along the southeast edge of the pit to a point 
near the center of the west line of the NE^NY7^ sec. 21, 
T. 2 S., R. 14 W. Most of the carbonaceous clay beds 
are exposed at the center of the hill and lens^ laterally 
into sand at the edges of the hill.

Section along the southeast wall of the Section 16 bauxite pit mine, 
about 1 mile south-southeast of Bauxite, Saline County

[Measured by M. Gordon, Jr.]

Pliocene(?) terrace gravel: Feet
Gravel, fine- to coarse-grained, mostly quartz, 

poorly sorted and crossbedded. A few slabs of 
sandstone from the top indurated sand bed of 
the Saline formation are scattered about the 
crown of the hill at the level of the base of the 
gravel facies. They probably are reworked ____ 9.0

Ferruginous layer, indurated, mostly limom'te, 
making an uneven jutting bed at the base of 
the gravel. This bed between the gravel and 
the underlying sand and clay was cemented by 
secondary iron oxides after deposition of the 
terrace gravel______________________________ 1. 0

Saline formation:
Clay, dark-brown, very silty and micaceous to 

sandy, interbedded containing some gray sandy 
layers, gray sideritic and orange limonitic layers. 
The clay is massive but not compact and breaks 
with an uneven surface._____________________ 13. 7

Sand, light-gray to white, stained tan and orange, 
medium- to fine-grained including a few clayey 
partings_ _______________________-__-_----_- 12. 0

Clay, dark chocolate-brown, carbonaceous, silty, 
compact, laminated with very little light gray 
micaceous quartz sand in the lower two thirds; 
upper third sandy. The interval spalls off to 
form a smooth, slick, vertical outcrop, slightly 
rounded above.______-________---_____--_-- 11. 5

Sand, light-gray to white, locally stained oraii-je, 
medium-grained micaceous quartz interbedc"ed 
with irregular thin lenticular layers of light- 
gray gummy clay___________________________ 32. 0

Sand, light-gray to white, weathering to tan and 
orange, fine- to medium-grained, micaceous, 
quartzose, massive__________________________ 16. 0

Clayey sand, gray, slightly indurated, grades later 
ally (northward) into dark-brown carbonaceous 
clay containing a few bauxite pebbles__________ 1. 5

Sand, white, to light-gray, fine- to medium-grain Qd, 
massive, but laminated and slightly clayey at 
the base______________________------_-_-___ 11. 5

Lignitic clay, black, slightly brittle._____________ .4
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Section along the southeast wall of the Section 16 bauxite pit mine, 
about 1 mile south-southeast of Bauxite, Saline County- -Con.

Feet
silty,

0.4

Saline formation Continued
Clay, light-brown to gray, carbonaceous, 

gummy _ ______________________________
Sand, light-gray to white, fine- to medium-grained 

quartz, massive though locally laminated and 
somewhat crossbedded, particularly at the base 
which contains a few boulders of granitic bauxite 
partly imbedded in the underlying unit-_-_---_ 7. 7 

Clay, dark-brown to black, carbonaceous, mica 
ceous, silty to sandy containing fragments and 
lenticular layers of lignite, interbedded with 
some layers of light-gray, medium-grained mica 
ceous quartz sand as much as 4 inches thick__ 12. 5 

Sand, brown, micaceous, laminated with layers of 
bauxite and gray kaolinitic clay as much as 
0.8 foot thick, the top bed contains cobbles of 
granitic bauxite as much as 1 foot across_____ 3. 7

Clay, dark-brown, carbonaceous, and micaceous 
silty partings interbedded with brownish-gray 
layers of fragmental kaolinitic clay and bauxite 
as much as 0.5 foot thick and containing smooth 
elongate pebbles and cobbles of granitic bauxite 
as much as 4 inches long. This facies fingers 
laterally (westward) into a conglomerate bed ot 
bauxite gravel containing fragments, pebbles, 
and grains of bauxitic and kaolinitic clay that is 
light creamy-gray and slightly indurated and 
rests uncoriformably upon the lignite and gray 
silty clay beds of the Berger(?) formation_ _ _ _ _ _ 3. 1

Lignite, brown, brittle, somewhat clayey_______ . 6
Sand, gray containing brown carbonaceous stain 

ing, medium-grained, micaceous, quartzose; bed 
wedges out to the west-_____________________ 2. 5

Berger(?) formation:
Clay, brown to brownish-gray, silty, carbona 

ceous _________ _ ___________________________
Lignite, dark-brown, brittle, containing some py- 

ritized wood fragments______________________
Clay, gray, silty, carbonaceous at top___________

The base of the section is concealed by several feet 
of sand in the small stream that runs between the over 
burden and the stripped surface of the bauxite in the 
pit. ______

Total thickness of Saline formation exposed____ 129+

The lower part of the section questionably referred 
to the Berger formation is believed to represent a local 
type of sedimentation in narrow, nearly closed valleys. 
In each of the few long narrow subsurface valleys that 
drain the nepheline syenite hill, a few lignite and gray 
clay beds of this lithologic facies were found locally in 
the valley bottoms at a much higher elevation than the 
nearest Berger strata known from drill holes.

Sections of the lower and more clayey part of the 
formation have been well exposed in the bauxite pit of 
the Midwest Mines Co. and the Cleveland and Ozark 
pit mines of the American Cyanamid and Chemical 
Corp. in sec. 24, T. 2 S., R. 14 W., in Saline County, 
and in the Burks-Nelson pit of the Pulaski Mining Co.

1.0

5 
0 +

in sec. 36, T. 1 N., R. 12 W., in Pulaski County. The 
carbonaceous clay is a rich chocolate-brown and turns 
nearly black on exposure to air. With continued 
weathering, it becomes gray and finally becomes nearly 
white. The chocolate-brown usually is not seen in ex 
posures except deep road cuts, pit walls, or other ex 
cavations. Normally weathering produces vivid red 
and yellow shades in the higher surficial parts of the 
unit. The color distribution apparently is controlled 
by the porosity of the sediments and the relationship 
to the water table. Lamination of the clayey parts are 
often inconspicuous in the stained croppings. The 
clay is normally silty and contains micaceous flakes, 
particularly along the partings. In the lower part of 
the formation the clay usually contains very little in- 
terlaminated sand. Where the sand is predominant, 
however, the interbedded carbonaceous layers are often 
made up of large fragments of lignite and carbonaceous 
material and are weakly crossbedded, which gives them 
a ropy appearance in cross section. Thin lenticular 
layers of lignite are fairly common in the chocolate- 
brown carbonaceous clay. They are not restricted to 
any particular zone but locally are more abundant near 
the base. Iron sulfide in small quantities is widely 
disseminated through much of the chocolate-brown 
clay.

Several sand lenses, as much as 1 to 2 feet thick, are 
found in the Burks-Nelson open-pit mine. These are 
composed of gray medium-grained quartz sand with 
frosted grains that have an almost pearly luster when 
wet. In the same pit several beds of gravel, a few feet 
above the base of the formation, contain not only peb 
bles of bauxite and decomposed nepheline syenite, but 
also pebbles of quartzite, shale, novaculite and vein 
quartz of Paleozoic age. The irregular staining by 
iron oxide in the more pervious layers is vividly dis 
played in the east wall of this pit.

Ferruginous concretions are common in the carbona 
ceous clay beds, and some reach a length of 6 feet and 
a thickness of almost a foot. In the overburden of the 
Midwest Mines Co. pit concretions are composed prin 
cipally of hard gray granular siderite covered with a 
thin surficial coating of orange limonite. Limonite 
layers, most of which are thin and platy, are abundant 
in the laminated clay beds of the formation. Some 
foliated limonitic concretions occur at several localities, 
particularly along the Berger and Saline contact.

Sand facies:
The massive sand beds that mark the upper part of 

the Saline formation in Pulaski County and in the 
eastern part of Saline County do not form prominent 
outcrops except where they are cemented by iron oxide 
to form a hard sandstone. The sand beds were found
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in many drill holes around the southern periphery of 
the buried Pulaski nepheline syenite hill, and in all the 
deep holes drilled farther south in the basin. The sand 
is gray to tan, medium to coarse grained, massive and 
locally crossbedded, and contains some scattered large 
pebbles. Interbedded with the sand are lenses of gray 
plastic clay. In parts of Saline County the sand is 
ferruginous and red and locally indurated. At some 
localities the base of the sand immediate^ overlying 
the carbonaceous clay beds is green. Evidence from 
drill holes shows that the sand reaches a thickness of 
nearly 200 feet in Pulaski County and thins gradually 
westward. Along the top of Alexander Mountain 
which is capped \)j the sand, the thickness of this unit 
ranges from 40 to 60 feet. The sand is indurated with 
iron oxide and forms steep slopes and localty small 
bluffs near the top of the mountain. Here it contains 
man}7 larger fragments and angular pebbles of quartz 
and a large quantity of plant detritus in the form of 
broken fragments on branches, wood, twigs, and leaves 
all of which have been replaced lay limonite.

The sand facies extends as far west as the Saline 
nepheline sj^enite hill. It is exposed as a red coarse 
grained sand overlying brown carbonaceous clay in a 
prominent triangular hill in the eastern part of the 
Section 15 mine. The base of the sand in this part of 
the mine is indurated with a ferruginous cement and 
forms a hard ledge a foot or more in thickness. This 
ledge can be seen in the photograph in figure 9. In 
several places on the surface of this indurated ledge, 
ripple marks and worm trails are preserved (fig. 10). 
In the western part of the same mine the interbedded 
white medium-grained sand and brown carbonaceous 
clay facies extend to the top of the formation which is

FIGURE 9. Section of the Saline formation in the Alexander Hill mine near Bauxite, 
Saline County. The hill is about 70 feet high. Sand facies ferruginous indurated 
bed at base (a). Chocolate-brown sandy clay, soft rubble bed at top (fi). Residual 
bauxite deposit (c).

FIGURE 10. Current ripple marks and invertebrate tracks preserved in ferruginous 
sandstone from the base of the sand facies of the Saline formation. Shows a loose 
slab in the Alexander Hill mine.

exposed along the southwest edge of the pit. The sand 
overlaps the carbonaceous clay and rests direct!}7 upon 
the bauxite in the southwestern part of the Granite 
Branch mine and in the nearby Johnson and Ella mines. 
Localty the sand is separated from the uneven surface 
of the bauxite by an irregular layer of hard, light-gray 
clay.

The top bed of the Saline formation is a medium- 
grained quartz sand at many localities and locally the 
upper part of the sand bed is indurated. The degree of 
induration is greatest at the top and gradual^ decreases 
downward. The lower surface of the indurated part is 
more uneven than the top of the bed and has an almost 
botrj^oidal appearance (fig. 11). Immediately below,

FIGURE 11. Sandstone bed at the top of the Saline formation in the Julia mine near 
Bauxite, Saline County. Note the undulatory surface at the base of the indurated 
part of the bed. The hammer at lower left gives the scale.



DESCRIPTIVE GEOLOGY 51

the partly indurated sand is saccharoidal and friable 
and grades downward into a nonindurated sand in the 
space of several inches. The bed usually contains ver 
tical, hollow or sand-filled impressions of roots as much 
as half an inch in diameter. Several miles northwest of 
Sardis this bed disappears and in its place laterally is 
the ferruginous sandstone of the sand facies.

Gravel and sand facies:
The gravel bed that marks the base of the formation 

in the previously mentioned company drill hole near the 
type locality extends northward and is exposed at the 
south edge of Benton. At this locality it has been quar 
ried extensively in the Ball-Benton gravel pits together 
with a late Tertiary gravel that rests unconformably 
upon the Saline formation. A partial section of the 
lower part of the Saline strata follows:

Section on east-west bluff in the Ball-Benton gravel pits, about 700 
feet south-southeast of the Chicago, Bock Island and Pacific 
Railroad depot in the southern part of Benton, Ark., 8}W±NW*4 
sec. 14, T. 2 8., R. 15 W.

[Measured by M. Gordon, Jr.]

Pliocene (?) terrace gravel: pfet
Gravel and coarse sand, containing large smoothed 

but not spherical pebbles of quartz and 
rocks of Paleozoic age as much as 3 inches in 
diameter, poorly sorted, rests unconformably 
upon beds below_________________________ 7.0-9.0

Saline formation:
Clay, weathered to orange and gray with inter- 

layered laminae of light-gray, medium-grained 
quartz sand______________________________ 6. 0

Clay, light chocolate-brown containing a little
more sand than the overlying interval.______ 3. 0

Clay, dark chocolate-brown, carbonaceous, con 
taining thin interlayered laminae of light- 
gray micaceous quartz sand________________ 7. 0

Clay, orange and light-brownish-gray with a few 
a few laminae of medium- to coarse-grained 
orange sand______________________________ I. 5

Gravel and sand, orange, ferruginous, containing 
smoothed and fronted but not spherical peb- 
of quartz as much as 1/2 inches in diameter; a 
thin light-tan layer at base of interval. ____ .7

Sand, coarse-grained, angular, somewhat coated
with ferruginous stain.____________________ 1. 3

Sand, medium-grained, grayish-white, stained
with orange_ ___________________________ .6

Sand, medium- to coarse-grained, gray and 
locally in lower part with dark-red to brown 
ferruginous matter; a thin cream-colored clay 
layer at base of interval.__________________ 1.3

Gravel and sand, ferruginous, orange, with
flattish pebbles of quartz up to an inch long- . 7

Sandstone, ferruginous indurated medium- 
grained quartz sand stained dark-brownish 
red, less indurated at base_________________ . 3

Gravel and sand, with orange ferruginous stain
like bed above______________ ________ .8

Section on east-west bluff in the Ball-Benton gravel pits, abou* 700 
feet south-southeast of the Chicago, Rock Island and Pacific 
Railroad depot in the southern part of Benton, Ark., 3W%NW% 
sec. 14, T. 2 S., R. 15 IT. Continued

Saline formation Continued Feet 

Sand, medium-grained, orange to tan, with 
abundant small quartz pebbles up to half an 
inch in diameter._________________________ 1.5

Concealed by slumping to floor of pit__________ 6. 0±

The town of Benton is underlain throughout by the 
red sand and gravel facies of the Saline formation 
through which some of the streams have cut the under 
lying formations of the Midway group. Along the 
east edge of the town the gravel beds have been mined 
extensively in the pits known as the Haskell-Dickin- 
soii and the Kertin gravel pits. The following section 
describes the sand and gravel facies where it is mined:

Section in the east face of the northeasternmost pit of the Haskell- 
Dickinson gravel quarry, west of the road, and east of the creek in 
the NE% SWy4 NE1A sec. 11, T. 2 S., R. 15 W., about 1 mile 
east-northeast of the center of Benton, Ark. 

[Measured by M. Gordon, Jr.]
Feet 

Pliocene (?) terrace gravel:
Gravel, coarse-grained, smooth, angular, poorly

sorted.__________________________________ 4. 0

Saline formation (gravel facies):
Sand, red, crossbedded, medium- to coarse 

grained, mostly quartz, with scattered layers 
of slightly angular small pebbles and granule 
gravel.__*____________  ____   -  _   __   _ 10 0±

Gravel and sand, made up of many smooth but 
not spherical pebbles of quartz and rocks of 
Paleozoic age as much as 1/2 inches long, 
interbedded with a large quantity ol coarse 
grained red sand, partly crossbedded and 
sorted________--__--_--____-___________ 5.7-8 3

Gravel, similar to the one below but partly cross- 
bedded and interlayered with coarse-grained 
redsand_______-__________---_ __________ 3.5-6 5

Bentonitic clay, light-creamy-gray, appearing 
sandy or silty in grain size but crumbling to 
fine powder when rubbed between the fingers 
and slacking rapidly in water. It contains a 
few poorly preserved fossil leaves, one of which 
was identified by R. W. Brown in September 
1944 as Dryophyllum tennesseense Berry____ 0. 3-2 3

Gravel and red sand, containing abundant 
smooth but not spherical pebbles of quartz 
and rocks of Paleozoic age, including novacu- 
lite and altered shale, as much as 4 inches 
long; an indurated ferruginous layer at the 
base, marking the unconformity with the 
underlying clay_______________-___---_--_- 10. 1

Wills Point formation:
Clay, very dark gray, massive, hackly with a 

few yellowish-red soft ferruginous concretions. 
Exposed in the floor of pit-___- ______-.__-_ 2. 04-
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The sand and gravel unit of the lower part of the 
Saline formation thickens northward to almost 100 
feet about 1% miles north of the center of the town of 
Benton where it overlies unconformably the limestone 
and gray clay of the Kincaid formation. The gravel 
lentil forms an outcrop band that extends in a north 
easterly direction along the upslope edge of the area 
of Saline formation outcrop. On its downslope side 
the gravel fingers into typical sand and carbonaceous 
clay beds of the Saline formation; the deposition of the 
two lithologic facies is synchronous. The gravel and 
sand were deposited as an alluvial apron or series of 
coalescing alluvial fans and extend a considerable 
distance downslope only where major drainage streams 
were continuously flowing at the time of deposition.

Beds of typical Saline lithology have been found 
at only a few localities within the gravel and sand out 
crop area. Laminated brown carbonaceous clay was 
observed in a small spring in the floor of an abandoned 
clay pit near the center of the west line of the NW^NE% 
sec. 11, T. 2 S., R. 15W. Brownish-gray weathered 
laminated clay crops out in a roadside ditch about 
three-fourths of a mile north of the Hicks clay pit near 
the center of the east line of the SW#NE# sec. 12, T. 
2 S., R. 15 W. Analyses of clay from this pit and from 
other pits in the vicinity of Benton have been given 
by Brainier (1898, p. 62). Most of the clay associated 
with the gravel and sand lentil of the Saline formation 
is gray and occurs as lenses several hundred feet long 
and a few feet thick rarely reaching a thickness of 
30 feet. Many of the clay lenses contain fossil leaves, 
particularly near the base where the clay layers have 
a brownish or a pinkish cast.

The sand and gravel deposits of the Benton area have 
been traced to the northeast in Saline County as far as 
the outlier at Collegeville in sec. 14, T. 1 S., R. 14 W. 
Sand and gravel are found in Pulaski County in small 
outliers in sees. 31 and 32, T. 1 N., R. 12 W., locally 
overlying a few feet of typical brown carbonaceous clay 
of the Saline formation, and in larger outliers capping 
the ridges in the city of Little Rock where the gravel 
unconformably overlies the lower part of the Wills 
Point formation. These gravel deposits of Pulaski 
County are like those of the Benton area in that they 
are locally bedded, though less so, and partly sorted; 
they contain large quantities of medium- to coarse 
grained quartz sand and granule gravel, much of 
which is red, the larger pebbles reach 4 or 5 inches in 
diameter and are smoothed but only partly rounded; 
the deposits locally reach a thickness of almost 100 
feet (near the south edge of Little Rock); they lie at or 
near the projected base of the Saline formation; and 
they progressively truncate the older formations of 
Tertiary age upslope. They differ from the gravel of

the Benton area in the smaller amount of quartz and 
locally in the presence of chert pebbles containing 
fusulinids, brachiopods, bryozoa, and other fossils of 
Mississippian to Permian age. The significance of 
these fossiliferous pebbles is discussed on page 55. 
Despite these differences in contained material the 
gravel of both areas probably was deposited synchro 
nously. Though the gravel beds in Pulaski County 
lack fossil evidence either to corroborate or to deny this 
assumption, they have been mapped as an extension of 
the gravel facies of the Saline formation.

Relation to underlying rocks. The Saline formation 
rests with local unconformity upon the Berger, and in 
places unconformably on the Wills Point, and Kincaid 
formations and the nepheline syenite masses and their 
included small pendants of metamorphic rocks of 
Paleozoic age. In the vicinity of the Saline River and 
along the north edge of the Gulf Coastal Plain the 
gravel facies progressively overlaps the underlying 
section and rests in succession upon the Berger, Wills 
Point, and Kincaid formations. The gravel and clay 
outliers in sees. 31 and 32. T. 1 N., R. 12 W. rest 
directly upon bleached gray clay of the upper part of 
the Wills Point formation. South of these outliers 
along the main Midway and Wilcox contact the Saline 
formation rests upon the Berger formation and locally 
upon the Wills Point formation. The sand and gravel 
outliers of the Saline formation in Little Rock rest on 
yellow fossiliferous clay of the lower part of the Wills 
Point formation.

A sharp erosional contact is present between the 
Saline formation and the underlying Berger formation. 
This is caused by scour and does not imp\v a wide 
spread hiatus in deposition. In the east wall of the 
southern part of the Quapaw bauxite pit (fig. 12), in

FIGURE 12. Unconformable contact between the Saline formation (c) and the Berber 
formation (b) in the east wall of the Quapaw mine near Bryaiit, Saline Cointy. 
A blasted but unmined remnant of the bauxite deposit (cl stands ebove the surface 
of the wat> r at left. Photograph by A. L. Jenke.
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the NEJiSEK sec. 3, T. 2 S., R. 14 W., the base of the 
Saline formation, which at this locality is composed of 
very dark brown clay containing carbonaceous frag 
ments interbedded with nearly white medium-grained 
micaceous quartz sand, truncates the beds of the 
Berger formation northward. In the space of several 
hundred feet laterally, the base of the Saline formation 
cuts across several prominent beds of gray silty clay, 
fine-grained sand and dark-brown lignitic clay, reducing 
the thickness of the Berger formation by about 15 
feet. In the Elrod bauxite pit about balf a mile north 
east of the Quapaw locality, the Saline formation lies 
discoiiformably upon the Berger formation. The top 
of the Berger formation contains many holes or depres 
sions several inches deep that are filled with sand of the 
immediately overlying Saline formation. Cores of drill 
holes show a sharp break at the contact between the 
two formations. However, in some of the deep holes 
drilled in the southern part of the bauxite region, this 
break was marked by a change in color of the sediments. 

Fossils and correlation. Forty-three species of fossil 
leaves and one brackish water clam have been identified 
from the Saline formation (table 5). Considering the 
large amount of carbonaceous material in the forma 
tion, including fragments and thin layers and beds of 
lignite, localities containing fossil leaves are compara 
tively scarce. The leaves, however, are well preserved 
at most localities.

In the Benton area, Saline Comity, leaves occur at 
or near the base of lenses of light-gray or buff to 
pinkish-brown plastic clay in the lower part of the 
prominent sand and gravel lentil that marks the base 
of the formation. A few feet of coarse sand and gravel 
generally lie between the leaf-bearing and the under 
lying clay beds of the Midway group. Berry (1916, p. 
53, 54, 273-274) has listed the species collected at three 
localities in this area. These are included in table 5, 
which lists also species identified by K. W. Brown from 
six other localities. Descriptions of these localities, 
stratigraphic information, collectors, and dates of col 
lection are also given.

With reference to the plants identified by him from 
the bauxite region, K. W. Brown (written communica 
tion, 1945) has made the following statement:

All the plant species identified in these collections have been 
previously identified from deposits hitherto assigned to the 
Wilcox group. To date only a handful of extremely fragmen 
tary plant impressions have been taken from the Midway 
formation, and consequently we have no standard Midway 
flora against which to compare the collections. * * * The 
flora of the Fort Union formation was presumably comparable, 
at least in part, to the Midway flora, but of this we canmt 
be certain inasmuch as considerable latitudinal and longitudinal 
distance separates the areas where these floras grew. On the 
basis of the plants, therefore, the evidence, such as it is, favors

the allocation of the (Saline formation) to the Wilcox group as 
defined by E. W. Berry.

Although the fossil plants appear to indicate a Wilcox 
age, as based on the work done by Berry (1916, 1930) 
011 the Wilcox floras of the southeastern United States, 
it is not yet definitely established that they are Wilcox. 
Kecent field mapping and stratigraphic studies by the 
IT. S. Geological Survey in Alabama and Mississippi 
(MacNeil, 1946, 1947) have shown that many of 
Berry's supposed Wilcox fossil-bearing localities are 
actually in beds now believed to be in the Claiborne 
group. The beds at Puryear, Teiin., from which Be'Ty 
collected a large flora, are probably of Claiborne 
age. R. W. Brown (oral communication, 1948) has 
noted a strorg similarity of several of the fossil plant 
collections from the Saline formation, including those 
from the Old Leach clay pit, the Burks-Nelsoii bauxite 
pit, and the farm near Landmark School localities, to 
the Puryear flora described by Berry. It is possible, 
therefore, that future regional mapping and strati- 
graphic studies will demonstrate that the Saline 
formation belongs in the Claiborne group, rather than 
in the Wilcox group. Until the problem is further 
studied by competent specialists in Coastal Plain 
stratigraphy, however, we are considering this forria- 
tion to be a part of the Wilcox.

Conditions of deposition. The sediments of the Saline 
formation are of continental origin throughout the 
bauxite region of central Arkansas. Most of these 
sediments were deposited by fluviatile action 011 a 
broad coastal flood plain though some probably were 
deposited under localized palustrine conditions. Local 
estuarine conditions moreover are indicated by the 
identification of a brackish water mollusk Brachi- 
dontes sp. in a fossil collection from one of the bauxite 
pits. Whereas the nature and distribution of the 
sediments of the Berger formation indicate that the 
source was from within or near the bauxite region, most 
of the sediments of the Saline formation appear to have 
been transported from outside the area. The large 
grain size of the transported material, the much larger 
amount of quartz in the sands, and the widespread 
accumulation of fine carbonaceous material indicate 
that the Saline formation was deposited during a period 
when rainfall was heavier than during Berger time.

The fossil plants from the different localities all 
indicate a strand, land-locked lagoon, and bayou 
habitat under subtropical conditions (Berry, 1916, p. 
113-140;1930, p. 29-40).

In the bauxite region where the upslope edge of the 
coastal plain meets the steeper slopes of the upland 
formed by rocks of Paleozoic age, large deposits of 
coarse-grained sand and gravel were deposited, prob 
ably as a series of coalescing alluvial fans on a low
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TABLE 5. Distribution of fossils in the Saline formation

Plants: 
Lygodium trilobatum Berry

1C anna sp

Sabalites giayanus Lesquereux, _ _
sp __ ___________________________________________

Myrica puryearensis Berry
Engelhardtia ettinghauseni Berry
Dryophyllum moori (Lesquereux) Berry

tennesseense Berry

Aitocarpus pungens (Lesquereux) Berry
Ficus puryearensis Berry
Banksia tenuifolia Berry
IProteoides wilcoxensis Berry
Magnolia leei Knowlton

Anona ampla Berry _ _
Nectandra lowi Berry

pseudocoriacea Berrv
wilcoxensis Berry

Caesalpinites bentonensis Berry
Cassia bentonensis Berry

fayettensis Berry
glenni Berry
low-i Berry_
wilcoxiana Berry

knowltoni Berry
Ouratea. eocenica Berry

Mollusks : 
Brachidontes sp__

A

\'

>:

V

V

V

v
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X

X

X
X

B

V

c
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X

X

X
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9046

X

X

X

X

X,
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X
X

X

X,

X

X

X
X

X
X
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X
X

V
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X

X

X
N/

V

X

9049

X

X

X

9264

X

(?)
X

9265

X

V

(?)

X
V

V
V

V

X,

V

A Henderson clay pit, on the southeastern slope of the valley of McNeil Creek, 
NWiiNE 1̂  sec. 2, T. 2 S., B. 15 W., aliout 1 mile northeast of the center of 
Benton, Saline County. Fossil leaves from massive bluish to brown plastic 
clay are exposed at bottom of pit. B. E. Call, 1891.

B East of Benton in sec. 28, T. 2 S., B. 14 W. Ark. Geol. Survey, 1891. (The 
middle part of the formation is exposed in this area.)

C Eagle Pottery Co. clay pit, south side of Highways 67 and 70, sec. 2, T. 2 S., 
R. 15 W., about one-half mile northeast of Benton. Plant fossils from brown 
sandy clav iu same part of section as the leaf-bearing clay in the Henderson 
Pit. E. W. Berrv, 1910.

9046 South end of the Stuckey bauxite pit in the NWMNE 1^ sec. 9, T. 2 S., B. 14 W., 
Bauxite, Saline County. Fossils from siderite layer in lignitic clay bed, 
immediately overlving the bauxite surface. R. W. Brown, 1944.

9047 Burks-Nelson bauxite pit, near top of north end, SEIjSWtl sec. 36, T. 1 N., 
B. 12 W., about 1} 2 miles south-southwest of Sweet Home, Pulaski County. 
Plant fossils from buff-gray medium-grained sandstone containing shreds and 
fragments of dark-brown'carbonaceous clay, 55 feet stratigraphically above 
top of uppermost lignite of Berger formation. B. W. Brown, M. Gordon Jr., 
J. I. Tracey, Jr., 1944.

9048 Hicks or Old Leach clay pit, south across Old Sheridan road (eastward exten 
sion of North Street) from Hicks or Old Leach Cemetery, E,4NWJ£NE>4

sec. 12, T. 2 S., B. 15 W., about I 1 2 miles east of the center of Benton, Saline 
County. Plant fossils from brownish-gray clay at bottoTi of pit, about 15 
feet above base of Saline formation, which rests directly on Wills Point forma 
tion. B. W. Brown, 1944.

9049 Kenark bauxite pit on the Sweet Home cut off road oppor-lte Fuller School, 
SWMNEJ^SEM sec. 25, T. 1 N., B. 12 W., Pulaski County. Plant fossils 
from brown carbonaceous clay at top and west end of pit, a few inches above 
base of Saline Formation. B. W. Brown, M. Gordon Jr., J. I. Tracev, Jr.. 
1944.

9264 Outcrop at west edge of Alexander Mountain near center o* NWJ^NWM sec. 
36, T. 1 S., B. 13 W., Saline County. Plant fossils from an indurated limonitic 
ledge in coarse ferruginous sandstone that caps Alexander Mountain. 
Data from USBM drill holes 12-196 and 12-205, drilled within 150 feet of these 
localities show leaf-bearing horizon is 60 feet above base of sandstone and 253 
feet above base of Saline formation. L. S. Gurney and F. A. Brown, 1944.

9265 Plant fossils from 20-foot dug well near farmhouse, a short distance west of 
Landmark School or Church, in SWM sec. 30 or NWJ4 sec. 31, T. 1 S., B. 
12 W., on Highway 167, Pulaski County. Fossiliferous layer is 14-15 feet 
below surface, in upper part of Saline formation. William Smith, geologist, 
U. S. Corps Engineers, 1948.
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gradient starting at the beginning of the time of 
deposition of the formation. Locally, tree-fringed 
ponds were formed in which finer sediments were 
deposited and then covered again by coarser material. 
As the coastal plain gradually encroached on the upland, 
the locus of deposition of the coarse clastic sediments 
moved slowly upslope. The material in these de 
posits was derived from the rocks of Paleozoic age of 
the upland, and much of it came from the many quartz 
veins that cut these older rocks.

In Pulaski County the gravel contains many chert 
pebbles with molds of fusulinids and other fossils of 
late Paleozoic age. Some of these apparently Lave 
been derived from a formation of early Permian age, 
that does not crop out in Arkansas. L. W. Henbest 
(written communication, 1948) to whom some of the 
material was sent for study, has reported as follows:

Eight collections comprising 78 cobblestones of flint, 2 to 8.5 
cm. across, from gravel beds of supposed Wilcox, Eocene age 
south of Little Rock were submitted. These were of as well- 
rounded shape as the flint was capable of receiving. The largest 
cobblestone contains the peculiar columnal of Platycnnus that 
is especially characteristic of the lower Mississippiaii cherts of 
the central and northern Ozark region. The nearest exposures 
are about 100 miles north of Little Rock. I showed this speci 
men to Dr. Edwin Kirk who definitely confirmed my identifica 
tion. The next largest is an 80 mm. segment of the cephalopod 
Rayonnoceras which is restricted to the Fayetteville shale, of 
upper Mississippian age. This identification was confirmed by 
Dr. A. K. Miller, LTniversity of Iowa, in a personal communica 
tion. The only silicified specimens of Rayonnoceras that I have 
found so far came from two localities respectively 100 and 150 
miles west of north from Little Rock, though calcareous speci 
mens are found in the Fayetteville shale toward the west of these 
localities in Arkansas and Oklahoma.

Most of the other flint cobbles contain Fusulinidae that include 
Schwagerina emaciata (Beede), Paraschwagerina (or possibly 
Pseudoschwagerina) sp. and lower Permian forms of Triticites. 
As the Permian age of these fusulinids is definitely determinable, 
the source of the cobblestones poses a significant problem. The 
nearest existing exposures, and so far as known the nearest sub 
surface development, of beds that bear lower Permian Fusulinidae 
are 300 to 500 miles away to the northwest. If the gravel beds 
from which these Permian cobblestones were derived are, as 
they seem, of Eocene age, it is very strongly suggested that the 
marine Permian formerly extended over the Ozark region.

Similar deposits of coarse detritus, but composed 
largely of bauxite, kaolinitic clay, and decomposed 
syenite, were deposited at the base of the nepheliiie 
syenite hills that stood as monadnocks above the flat 
plain. These deposits extended in wide tongues, in some 
places as much as 2 miles over the lip of the Berger 
formation particularly near the main nepheline syenite 
mass in Saline County. They were covered by fine sedi 
ments of the Saline formation that continued to en 
croach upslope and cover the nepheline syenite, in many

places stripped of its mantle of weathered detritus, and 
the remnants of the once extensive bauxite mantle. By 
the end of Saline deposition little of the Saline nepheline 
syenite hill remained exposed and probably not much 
of the Pulaski nepheline syenite hill. The Alexander 
Mountain hill had already been deeply buried.

Most of the fluviatile sediments came from the north 
and the northwest and this deposition probably con 
tinued to the end of Saline time, at least in the vicinity 
of the present Saline River. However, in Pulaski 
County deposition of coarse sediments began in the 
eastern and southeastern part of the area early in Saline 
time, and coming from the direction of the present 
Arkansas River, encroached steadily westward across 
the bauxite region. By the end of Saline time these 
sediments had reached far enough westward to ertend 
across the already buried Alexander Mountain nephe 
line syenite hill and to lap against the east flank of the 
Saline nepheline syenite hill. Secondary ferruginous 
material has indurated the sands at many localities.

The Saline formation was laid down at a time of al 
most constant marsh, bayou, and river deposition. 
Fluviatile deposition of sand became more and more 
dominant until, with a marked change of conditions, a 
great swamp was formed at the beginning of Detonti 
time.

DETONTI SAND

Definition.   - The Detonti sand is named for the little 
settlement of Detonti on the Missouri-Pacific Railroad 

sec, 33, T. 2 S., R. 14 W., in the southernn
part of Saline County. This formation is a homo 
geneous sand unit several hundred feet thick, contain 
ing some interbedded gray-clay lenses and a prominent 
lignite bed at the base. It is best known from r, few 
of the deeper drill holes in the southern and southeastern 
parts of the bauxite region. The type section, repre 
senting the basal part of the formation, is exposed on 
the east bank of the first prominent gully west of 
Detonti on the Detonti-Tull road near the center of 
the NWtfNWtfNWtf sec. 4, T. 3 S., R. 14 W.

Distribution and surface outcrop.   The formation 
crops out in an irregular northeast ward- trending belt 
up to 3 miles wide and is probably continuous across 
the bauxite region. Northeast of sees. 11 and 14, T. 2 
S., R. 13 W., it could not be distinguished in surface 
outcrop from the Saline formation and it is shown on 
plate 1 as grading laterally into the upper part of that 
formation. Upslope from the main Saline and Detonti 
contact are many small outliers of Detonti sand 
wherever the top siliceous indurated bed of the Saline 
formation forms an irregular capping on scattered miall 
hills. Some of these hills lie slightly more than 2 miles
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away from the main contact. The outcrop area of th 
Detonti sand like that of the Saline formation extends 
southwest/ward across the Saline River but has not yet 
been traced. It is cut off at the northeast by overlap 
of the sediments higher in the section and by thick 
Quaternary alluvial sediments of the Arkansas River 
flood plain.

Good outcrops of the Detonti are few; the best out 
crops are limited to the western part of the mapped 
area where a few fair exposures occur along the banks of 
larger streams and in road cuts. In this part the forma 
tion is exposed along ridges of moderate relief, but much 
of the area underlain by the Detonti sand has little 
relief though it is fairly well drained. The Detonti 
sand is covered at many localities by deposits of gravel 
of late Tertiary age. Where the gravel deposits are 
absent the sand is weathered to form a gray sandy soil 
that supports a good growth of timber. However, 
the forest cover is not thick and brushy as on land under 
lain by the Saline formation. The forests are open and 
have less undergrowth. Large pines and fine stands 
of hardwood are abundant.

Thickness. The complete section of the Detonti sand 
was cut through in almost a third of the 60 holes drilled 
by the IT. S. Bureau of Alines in the southeastern part 
of the bauxite region to check the results of the geo 
physical surveys. As interpreted from logs of these 
drill holes the thickness of the formation ranges from 
207 to 412 feet and averages 320 feet.

Lithologic character. The striking lithologic feature 
of the Detonti sand is its general uniformity and 
homogeneity. Most of the beds other than sand occur 
at or near the base and these are best known, at least at 
the surface. The average composition of the formation 
is estimated to be about four-fifths sand and one-fifth 
clay, with some lignite. The sand generally is light 
gray or more rarely brownish gray to tan and locally is 
orange stained. Usually it is loosely packed, well- 
sorted, and fine- to medium-grained containing moder 
ately angular to subrounded quartz grains, locally 
slightly micaceous or with disseminated black mineral 
particles constituting as much as 3 percent of the mass. 
In several drill holes coarse-grained sand beds were 
found. Many fragments of lignite are scattered through 
the sand but few lenses of lignite are present.

The clay beds in the formation are relatively insig 
nificant, at some localities occurring only as minor shaly 
partings, at others attaining a thickness of nearly 20 
feet. The clay is chiefly light gray to gray, plastic or 
even sticky, and much of it is silty to sandy. Some of

the clay is grayish brown and some is a tannish hue 
and nonplastic.

The lignite bed at the base of the formation is brown 
and woody and breaks into large pieces. Throughout 
most of the area the thickness ranges from 2 to 14 feet. 
This lignite bed is rarely seen at the surface, however, 
owing to its readiness on weathering to break down into 
a mushy loam and to be covered by the slumping of the 
overlying sand. The best exposures of the base of the 
section are between the settlements of Detonti and 
Shaw. The following measured sections give the de 
tails of the lithology at the only two exposures known 
where the lignite can be seen at the surface.

Section at the type locality of the Detonti sand in road cuts along 
the Detonti-Tull road near the center of the NW^iNW^^NW^ ̂  
sec. 4i T. 3 S., R. 14 W-, on the east bank of the first large drain 
age channel west (about three-fourths of a mile) of Detonti, Saline 
County, Ark. Section starts near base of grade and continues 
eastward to where the road flattens out at the top cf the grade

[Measured, hy M. Gordon, Jr.]
Feet 

Detonti sand:
Sandy clay to clayey sand, gray, slightly micaceous, 

exposed in roadside ditches and cuts at each sid Q of 
road intermittently to top of grade; lower part of 
this facies reached in USBM drill hole 21-071 
drilled alongside the road a few feet below the top 
of the grade_____________-___-_-_________-___ 27. 0±

Clay, sandy, medium-buff-gray, inconspicuously 
laminated, with bands and layers of limonitic 
staining and thin laminae of limonite, particularly 
in the lower part_____________________________ 5. 0

Lignite, brown, woody, soft, locally weathered and
limonitic ___________________________________ 2. 4

Saline formation:
Sandy clay to clayey sand, gray to light-gray, fine- 

to medium-grained, slightly micaceous__________ 14. 04-

The section above shows the similarity of the top 
of the Saline formation to the base of the Detonti sand 
that is typical of most of the area. Nearby drill 
holes show that the chocolate-brown carbonaceous 
clay is found almost immediately below the gray 
sandy clay to clayey sand that constitutes the lowest 
unit of the section. The Detonti sand in this section 
contains a little more clay in the lower part than is 
generally found.

Another section, about \% miles southwest of the 
first section, exposes the contact of the Detonti sand 
with the Saline formation. Lignite overlies the partly 
indurated sandstone at the top of the Saline formation 
below which dark-chocolate-brown sandy clay is 
present. Here, too, the Detonti sand contains more 
clay than is generally found in drDl holes.
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Section of the basal part of the Detonti sand, descending curve of 
county road near the southwest corner, NW^NW^iSEli sec. 6, 
T. 3 3., R. 15 W. Saline County, Ark. Section starts on east 
side of road about 100 feet east of a tumbled-doivn barn; at second 
carbonaceous layer below, measurement shifts to west side of 
road cut

[Measured by M. Gordon, Jr.]
Surface: Feet 

Soil. ________________________________________ 1.0
Detonti sand:

Clay, sandy, red and gray mottled._____________ 5. 0
Clay, as above, but includes quartz and ferruginous 

sandstone pebbles, subrounded to subangular, 
as much as 2 inches in diameter._____________ 1.0

Clay, sandy, gray, weathering red_______________ . 6
Clay, slightly sandy, creamy-gray, containing

shreds of carbonaceous material-______________ .5
Clay, brown, carbonaceous containing shreds of

lignitic detritus. ___________________________ .4
Sand, light-gray, locally weathering red, fine- to

medium-grained. ___________________________ 10. 3
Loam, rich brown, soft, carbonaceous to woody, a

decomposed lignite__ _ ____________________ .5
Saline formation:

Sand, reddish-gray to tan, slightly indurated-____ 1. 0
Sand, light-gray to gray, fine- to medium-grained, 

moderately clayey; as much as 2 feet at top 
fairly well indurated______ ___________________ 5. 8

Carbonaceous clay, dark-chocolate-brown, lami 
nated, sandy, micaceous _____________________ 2. 0 ±

Gummy to brittle gray clay fragments, some nearly 
a foot long, are in a matrix of gray or red sand in the 
lower part of the formation, particularly where sub 
sequent erosion has removed the lignite. This type of 
material has been found at widely scattered localities. 
In the north face of the west end of the Julia open-pit 
mine of the Alcoa Mining Co. the uppermost sand bed 
of the Saline formation is indurated at the top and may 
indicate the former presence of an overlying lignite 
bed. Instead of a lignite, however, the indurated 
sand is overlain by a conglomerate bed containing 
white-clay fragments and granitic bauxite pebbles 
and this in turn by a thick crossbedded gray sand with 
gray-clay layers. The section is as follows:

Section in the western part of the Julia open-pit mine of the Alcoa 
Mining Co.;the north wall of the pit north-northwest of a part of 
the pit utilized as the garbage dump for the town of Bauxite; on 
west line of sec. 23, T. 2 S., R. 14 W., about 1,750 feet south of 
northwest corner sec. 22, Saline County, Ark.

[Measured by M. Gordon, Jr.]

Pliocene (?) terrace gravel: Feet 
Coarse gravel and red sand_ _________________ 1. 0-3. 0

Detonti sand:
Sand, gray, weathering red, medium-grained con 

taining angular to subrounded quartz grains, 
crossbedded, interlayered with lenses, laminae, 
wisps and blebs of gray plastic clay, some of it 
brownish-gray; most of the bedding less than 
one-half inch thick and inclined at all angles; 
more clayey in the upper part______________ 35. 0±
452763 58   5

Section in the western part of the Julia open-pit mine of the Alcoa 
Mining Co.; the north wall of the pit north-northwest of a part of 
the pit utilized as the garbage dump for the town of Bauxite; on 
west line of sec. 22, T. 2 S., R. 14 W., about 1,750 feet south of 
northwest corner sec. 22, Saline County, Ark.  Continued

Detonti sand Continued Feet 
Clayball conglomerate, composed largely of white 

or light-gray tough, hard clay with an almost 
conchoidal fracture in smooth but not rounded, 
irregular masses or pebbles and smooth soft 
pebbles or cobbles of granitic-textured bauxite 
and syenite clay in a red clayey sand matrix. _ 0. 5-1. 7

Saline formation:
Sand, slightly clayey, light-gray to pure white 

locally stained orange in bands a few inches 
thick in the lower half to two-thirds of the 
interval, medium-grained, the top several 
inches to several feet indurated to a hard gray 
sandstone weathering tan and dug into an 
overhang in the southwestern part of the pit__ 15. 7 

Sandy clay, gray, micaceous and slightly car 
bonaceous, or containing brown carbonaceous 
areas and a few clay pebbles. The top 1-6 
inches of this bed is ferruginous indurated. 
The bed grades downward into the bed below_ 1. 0 

Lignitic clay and lignite, black to brown, con 
taining lenses of brownish-gray carbonaceous 
clay about 2-4 inches thick. One lens about 
1.2 feet above the base contains gray bauxite 
pisolites and another layer 2.2 feet below the 
top contains pebblelike nodules of pyrite about 
1 inch across; just above, the lignite contains 
hollow-centered tubules of pyrite about three- 
eighths inch in diameter; the lignitic clay con 
tains some woody fragments. The bed over 
lies the rubbly top of the bauxite that was 
mined in the lower part of the pit__________ 4. 5

Along the north wall of the pit east of this section the 
base of the Detonti sand cuts through the indurated 
layer and well into the uppermost sand beds of the Saline 
formation to within several feet stratigraphically of the 
lignitic clay bed. Locally the conglomerate bed is 
absent.

Relation to underlying rocks. The Detonti sand over 
lies the Saline formation with apparent conformity 
except where local channels have been cut into the con 
tact subsequent to the deposition of the lignite at the 
base of the formation, as cited above. Beneath the 
basal lignite bed of the Detonti sand the top of the 
Saline formation is bleached where it is a carbonaceous 
clay and indurated where it is a sand. Long lignitic 
roots and rootlets as much as half an inch thick extend 
downward from the lignite bed as much as 10 feet. 
Where the underlying sand is indurated and exposei at 
the surface the lignitic material usually is weathered and 
leached away, but the vertical hollow impressions of the 
roots and the quartzitic appearance of the sandstone, 
which is the only siliceous indurated bed in the er tire
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Tertiary section, makes this bed an easily identified 
marker.

The widespread swampy condition that prevailed at 
the time the basal lignite was deposited served only as 
a momentary halt in the progression of increasingly 
active fluviatile deposition that culminated in the depo 
sition of the Detonti sand.

Paleoniologic features. No fossils have been identified 
from the Detonti sand. At several localities in the 
southeastern part of the area in the vicinity of Lorrance 
Creek petrified logs as much as 3 feet in diameter have 
been found. However, they occur where the surface 
of the formation is covered by terrace gravel of later age, 
and it is not yet known whether the petrified wood is 
related to the Detonti sand or to the gravel. Similar 
stumps and logs of silicified wood have been described 
by Call (1891, p. 102) from the clay of the Wilcox group 
in Green County, Ark.

CLAIBORNE AND JACKSON GROUPS

Overlying the Detonti sand and cropping out on 
many rolling hills in the southeastern part of the bauxite 
region is a section of variegated clay, sand, and lignite. 
These deposits and their contact with the Detonti sand 
and the Saline formation are in the southeast corner 
of the area as shown on plate 1. These beds were 
found in some of the deeper holes drilled by the U. S. 
Bureau of Mines and deserve a brief description.

The clay in this section includes light-gray, gray, 
bluish-gray and grayish-green and rarely cream colored 
and other plastic silty clay in beds ranging from thin 
layers to more than 30 feet in thickness. Some of the 
clay beds are interbedded with thin lignite, but most 
of the lignite is associated with beds of dark-chocolate- 
brown carbonaceous silty clay or clayey silt, and these 
carbonaceous beds are particularly characteristic of 
the lower part of the section. Most of the sand is 
composed of quartz but locally it contains a relatively 
high percentage of dark minerals. Much of it is fine to 
medium grained, and the grains are subangular to 
subrounded. Some of the sand is medium to coarse 
grained and the grains are partly to well rounded.

Locally in the lower part of the section is a lens, or 
perhaps several lenses, of bentoiiitic clay. In drill 
hole cuttings the clay is greenish brown, waxy, and 
breaks with an irregular hackly fracture. At the sur 
face the clay is yellow and has a slightly greenish cast, 
is compact, brittle, and breaks with a conchoidal frac 
ture, and becomes creamy white 011 drying. It has been 
mined as beiitonite in Saline County for several short 
periods.

The sediments overlying the Detonti sand are thickest 
in the northeastern part of Grant County where 
deep drill holes of the U. S, Bureau of Mines cut 101

to 435 feet of beds above the sand. In the northwestern 
part of Jefferson County, according to records of the 
Arkansas Geological Survey, the Hensley No. 1 well of 
the Decem Oil Co. drilled in the SEftSEK sec. 7, T. 
3 S., R. 10 W., collar elevation 260 feet, cut a fine gray 
sand 310 feet thick at a depth of 350 feet. This locality 
is a short distance east of the southeastern part of the 
Bauxite region and is of particular interest because the 
classical Jackson section at Red Bluff, Arkansas River 
described by Call (1891, p. 10-13) lies about 1 mile 
to the west-north west in the NE#SE# sec. 12, T. 3 S., 
R. 11 W. The top of the section has an altitude of 276 
feet. The literature on this section as well as that 
of the White Bluff section several miles down the Ar 
kansas River from Red Bluff are listed in the selected 
bibliography of the groundwater report by Stephensoii 
and Crider (1916, p. 79-84).

No proof of the presence of the Claiborne group in the 
southeastern part of the bauxite region exists though 
some earlier geologic maps have recorded its presence 
there. Some of the lower beds here arbitrarily assigned 
to the Claiborne and Jackson groups have been con 
sidered to represent part of the Wilcox group by some 
geologists. It is also possible that some of the beds 
below, that are now classified as Wilcox, will upon 
further study prove to be Claiborne in age.

UNDIFFERENTIATED TERTIARY AND QUATERNARY 
GRAVEL DEPOSITS

Small to large areas of the Arkansas bauxite region 
are covered by gravel that crops out on top of hills or on 
terraces. These deposits rest uiiconformaWy upon the 
slightly tilted rocks of early Tertiary age, including 
the bedded gravel of the Saline formation, and locally 
011 rocks of Paleozoic age. As they are not important 
to the bauxite problem, most of these gravel deposits 
have not been mapped. However, many gravel pits 
have been indicated by symbol on the geologic map 
that accompanies this report. These will show the 
topographic levels at which the gravel deposits are 
found. At least three and probably more than four 
old erosion surfaces are delineated by the gravel de 
posits between an altitude of 300 and 520 feet. The 
slopes between the gravel terraces are locally covered 
by talus gravel derived more recently from the terrace 
deposits. The higher and presumably older of these 
deposits are probably of late Tertiary, possibT y Pliocene, 
age and they have been questionably so indicated in 
lithologic sections given earlier in this report. Most 
of the deposits do not exceed 10 feet in thickness, are 
poorly sorted, loosely consolidated, and made up 
principally of pebbles and cobbles rather than of large 
quantities of coarse sand as are the gravel lenses of the 
Saline formation.
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The lower and presumably younger gravel beds are 
more likely to be of Quaternary age as they occupy 
surfaces not far above the Quaternary terrace deposits. 
They are thicker and contain more sand than the higher 
deposits, hence are more difficult to distinguish from 
the gravel of the Saline formation. Along the east 
bank of the Saline River in the western outskirts of 
Benton, gravel deposits, possibly of Quaternary age, 
which rest upon rocks of Paleozoic age, have been 
included with the Saline formation gravel of the Eocene.

In Pulaski County, along the edges of the Fourche 
Bayou flood plain, two prominent thick gravel deposits 
of possible Quaternary age have been mapped sepa 
rately. One is a crescent-shaped band about half a 
mile wide west of the Chicago, Rock Island, and Pacific 
Railroad tracks in the southeastern part of Little Rock, 
and the other extends from a point one-fourth mile 
northwest of Geyer Springs to a point a short distance 
across the Missouri Pacific Railroad tracks to the south 
east. In both areas the deposits reach a maximum 
thickness of about 30 feet. The deposits consist of 
coarse-grained, reddish-brown sand and many ir 
regularly bedded layers and lenses of gravel. The sand 
and the gravel are poorly sorted and most of the finer 
sand grains are subangular though most of the larger 
size grains are subrounded to rounded. The sand is 
predominantly quartz, and the gravel consists of about 
40 percent white quartz or quartzite, 40 percent meta- 
morphic rocks of Paleozoic age, such as altered shale, 
slate, schist, and dark-colored quartzite, while the 
remaining 20 percent is brown chert, ironstone, and 
some novaculite. The brown chert pebbles of this unit 
generally are unfossiliferous in contrast to the chert 
pebbles of the Saline formation gravel, and wherever 
fossils occur they usually indicate a rock source of early 
Paleozoic age.

Gravel from the two localities mentioned above have 
been used as road metal and for railroad ballast. A 
brown limonitic concretionary layer occurs at the base 
of the gravel in the Geyer Springs pit. The underside 
of this layer locally is covered with small nodules of 
manganese oxide, probably pyrolusite. Branching 
and stalactitic nodules of the same mineral occur also 
in the upper few inches of the underlying clay of 
Paleozoic age.

QUATERNARY TERRACE DEPOSITS

Outcrops of sand and red clay beds fringe the present 
flood plain of the Arkansas River and part of the flood 
plain of its tributary Fourche Bayou. These beds form 
a prominent terracelike topographic feature wherever 
they occur. They are best exposed in the low flat- 
topped ridges on the east side of the road just north of 
College Station. The ridges extend around the point

of the syenite rocks to the east, and then southward 
along the west bank of Fourche Bayou for about half a 
mile south of Sweet Home. Here the ridges are cut 
by eastward drainage valleys into low steep hills. 
South of this point the outcrop band widens to the west 
forming a swampy, hummocky, pine-forested "flat- 
woods." Several good exposures are in the vicinity of 
Higgins. It is likely that the formation occurs also at 
several places above the level of the flood plain of 
Fourche Bayou between the city of Little Rock and 
Granite Mountain, but. it can be identified only in the 
area west of the Arch Street Pike viaduct and southeast 
of the railroad junction, just outside of the south city 
limits of Little Rock.

The formation, as it should be considered, consists of 
a maximum of about 60 feet of dark brick- to salmoii- 
red clay. The clay is very sticky and contains a vari 
able amount of fine silt grading locally into sand. The 
sand is common towards the top of the unit and usually 
is well sized, subangular to subrounded, and consists 
predominantly of clear quartz though it contains many 
dull-white or cream-colored grains that appear tc be 
decomposed feldspar. Bedding is not conspicuous in 
either the sand or the clay, but deep vertical joints are 
common. A whitish film accompanied by some indura 
tion along some of these joints indicates the deposition 
of lime carbonate. Irregularly shaped calcareous 
nodules are characteristic of weathered clay exposures. 
These nodules range from % to 2 inches in diameter and 
generally are an earthy pinkish-gray on the outside. 
When broken they reveal many crescent-shaped cavi 
ties, dark gray to black, resembling flint. The targe 
volumes of this clay that lie at shallow depths at many 
localities along its outcrop may eventually prove 
worthy of examination for ceramics industries.

QUATERNARY ALLUVIUM

Under this classification is included all the flood-plain 
deposits of the Arkansas and Saline Rivers, and part of 
Fourche Bayou as shown on the geologic map (pi. 1). 
In other drainage systems of the region where the under 
lying rocks crop out in stream beds or where the alluvial 
deposits are less than 12-15 feet thick and the under 
lying rocks are known from drill-hole data 110 alluvium 
was mapped even though it occurs in almost continuous 
patches and belts of gravel and debris.

In the major drainage areas the alluvium forms wide 
flood plains upon which most of the productive farmland 
of the area is located. Meager drill-hole data indicate 
that the alluvium in these flood plains reaches a maxi 
mum thickness of almost 120 feet and has cut out all the 
older formations and channeled down to basement rock 
for a considerable distance downstream from their 
normal contacts. The alluvium consists of gravel, sand,
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silt, and clay and attempts to correlate individual beds 
have proved fruitless. In the smaller streams the allu 
vium consists largely of gravel or of gravelly clay and is 
derived from whatever formations occur toward the head 
of the valley occupied by each stream. Alluvial ma 
terial is particularly abundant in the beds of streams 
that drain areas covered by older gravel.

INTRUSIVE IGNEOUS BOCKS

The Arkansas bauxite region has long been noted for 
the nepheline syenite deposits and related igneous rocks 
with which the bauxite is associated. The outcrops of 
these rocks in Pulaski and Saline Counties are the higher 
parts of cupolas or stocks, most of which, including still 
other cupolas, lie buried beneath the early Tertiary sedi 
ments of the Coastal Plain. The igneous rocks were in 
truded into older sediments, the youngest of which 
probably are Pennsylvania!!.

The surface exposures of the Arkansas igneous rocks 
were the subject of an excellent detailed petrographic 
report by J. F. Williams (1891). As the preparation of 
the present report did not include a careful petrologic 
study of the igneous rocks, much of the descriptive ma 
terial that follows is based upon the report of Williams. 
However, a brief study of thin sections from surface ex 
posures and from cores taken from the bottom of some of 
the deeper drill holes has provided additional informa 
tion as to the distribution of these rocks, particularly in 
the buried parts of the complex. Also, new chemical 
and spectrographic analyses of several varieties of 
nepheline syenite were made by the Geological Survey 
for inclusion in this report. The most distinctive 
igneous rocks have been differentiated in the geologic 
map (pi. 1).

Two coarsely granular varieties of nepheline syenite 
are the principal source rocks of the bauxite. They are 
distinguished in surface exposures by color, texture, and 
resistance to weathering. These rocks are: nepheline 
syenite, or the so-called gray granite of the quarrymen; 
and pulaskite, or so-called blue granite. Associated 
with them and particularly with the pulaskite are fine 
grained tinguaitic border rocks, as well as many granular 
dike rocks. Some of the rocks are felsic, including por- 
phyritic and pegmatitic nepheline syenite, quartz sye 
nite, and miarolitic nepheline syenite dikes. Some are 
mafic, including fourchite and several varieties of mon- 
chiquite. These rocks are described briefly on the 
following pages.

NEPHEUOSTE SYENITE

Under the name eleolite syenite (eleolite being in 
part an old name for nepheline) Williams (1891) in 
cluded the coarse-grained intrusive rocks known locally 
as "gray granite." Some geologists prefer to use the

name "foyaite" for this Arkansas rock which is similar 
to the original type from Foya, Portugal. Considerable 
confusion would be averted by using this term to dis 
tinguish the rock from pulaskite, which also is a nephe 
line syenite. However, in this report which is concerned 
primarily with bauxite, the original terminology of 
Williams has been followed.

The nepheline syenite is readily distinguished in the 
field by its light-gray color and its tendency to crop out 
in large flat masses. This apparently is caused in part 
by the structure of the rock which in some places is 
distinctly sheeted, and in part by its comparatively 
rapid rate of weathering. The characteristic outcrops 
are flat surfaces and broad low knolls. Some are set 
in picturesque cedar glades, others are bare of vegeta 
tion. The surface of many of the exposures is lacking 
in scattered loose blocks because the rock on weathering 
crumbles evenly. Weathering has progressed to a depth 
of several inches on quarry faces, road cuts, and rock 
slabs that were blasted 15 to 20 years ago.

In Pulaski County the outcrops of gray neplieline 
syenite are confined to the lower slopes of Granite 
Mountain in two separate areas that are irregularly 
elongate southwest. One of these is alorg the west 
base of the mountain and in scattered patches in the 
relatively flat area east of Little Fourche Bayou, mostly 
in sees. 22 and 28, T. 1 N., R. 12 W. The other is at 
the east side of Echo Valley, in the SW}£ sec. 26 and 
adjacent corners of sees. 27 and 34. Chemical analyses 
of samples from both exposures are given below in 
table 6. In Saline County nearly all of the exposed 
igneous rock is "gray granite." The outcrops are 
shown on the geologic map (pi. 1). Chemical analyses 
of Saline County nepheline syenite is also given below 
in table 6.

Spectrographic determinations of the minor elements 
in three of the samples chemically analyzed are given 
in table 7.

The light-gray rock has a pinkish to bufl cast where 
nepheline is common and may have a bluisl cast where 
the feldspars are particularly fresh. Slight weathering 
whitens the feldspar crystals. The rock is granular 
and commonly is coarse grained. Fine- to medium- 
grained as well as coarse-grained pegmatitic varieties 
(fig. 13 A) occur locally, but most of these varieties are 
in ellipsoidal or veinlike segregation bodies in the rock. 
In some exposures the feldspar laths exhibit a marked 
parallelism and the rock has a trachitoid structure 
(fig. 13(7, D). Outcrops in which this structure is 
conspicuous were noted by F. A. Hildebrand in patches 
along the west margin of the nepheline syenite exposure 
in the SEtf sec. 21 and NWtfNWtf sec. 27, T. 2 S., 
R. 14 W., and also in the NE% sec. 34 and 
sec. 35.
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TABLE 6. Chemical analyses of Arkansas nepheline syenite

[Nos. 1,3, and 5 are recent analyses by the U. S. Geological Survey. C. M. Warshaw, 
analyst. Figures marked with an asterisk (*) were determined with a flame pho 
tometer by W. W. Brannock. Nos. 2, 4, 6, and 7 are analyses of the Ark. Geol. 
Survey from Williams (1891, p. 39, 70, 81, 88, 135, and 139)]

AJsOa            -
SiO8             
PgjOg

MgO_      .     
CaO_           
Na2O_-_ ____ _______
KsO..-          
TiO2            -
ZrO*            -
P20S        -   
SOs        -----  
Cl_______________.__-_
MnO-_ ... ..-  
BaO
SrO._           
H2O-           
H20+__. _ ._  .-

Total-. __________
(0-C12)_-         -

Pulaski County

1

17.94 
59.91 
1.88 
1.54
.80 

1.26 
*6.90 
*6.41 
1.13
.07
.16
.07
.03
.20

.04
1.77

100.11 
.01

100.10

2

18.85 
59.70 
4.85

.68 
1.34 
6.29 
5.97

1.88

99.56

g

18.60 
59.56 
1.54 
1.84 
.95 

2.05 
*6.56 
*6. 18 

.91

.06

.28 

.11

.10

.17
*. 18
*.05
.07
.88

100.09 
.02

100.07

4

20.76 
60.03 
4.01 
0.75 
.80 

2.62 
5.96 
5.48

.07

Tr.

.06 

.53

101. 07

Saline County

5

21.11
56.51 
1.80 
1.20 
.48 
.91 

*9.13 
*6.34 

.50

.04

.06 

.15

.39

.24

.09 
1.50

100.45 
.09

100.36

6

18.67 
59.62 
5.07

.84 
1.80 
6.95 
5.65

.80

99.40

7

20.85 
58.74 
4.15

.22 

.36 
9.72 
4.23

1.82 

100.09

1. Nepheline syenite ("gray granite")- Quarry on Arch Street Pike, at the north 
west edge of Granite Mountain, in the SWJiSWJi sec. 22, T. 1N., R. 12 W., Pulaski 
County; collected by H. B. Foxhall.

2. Nepheline syenite ("gray granite"). East side of Fourche Cove (Echo Valley) 
in the SWMSWM sec. 26, T. 1 N., R. 12 W., Pulaski County. Analyst, W. A. Noyes.

3. Pulaskite ("blue granite"). Minnesota Mining and Milling Co. quarry at 
College Station, Pulaski County, collected by H. B. Foxhall.

4. Pulaskite ("blue granite"), light-colored variety. Granite Mountain, SWJ4 
sec. 13, T. 1 N., R. 12 W., Pulaski County. Analysts, R. N. Bracket, and J. P. Smith.

5. Nepheline sjenite ("gray granite"). Small outcrop beside underpass on the 
Bryant-Benton road, 0.6 mile east of Bauxite Station, NWMSWJ^SWJi sec. 10, T. 
2 S., R. 14 W., Saline County, collected by H. B. Foxhall.

6. Orthoclase nepheline syenite ("gray granite"). Saline County. Exact locality 
not specified by Williams. Analyst, W. A. Noyes.

7. Plagioclase nepheline syenite ("gray granite"). Exact locality not specified, 
but probably from the SEJi sec. 14, T. 2 8., R. 14 W., Saline County (Williams, 
1891, p. 129, 139). Analyst, W. A. Noyes.

TABLE 7. Spectrographic determination of minor elements in 
Arkansas nepheline syenite samples

Element

Ti
Zr__     _-._     _-_
Mn.___. -._....    ___ -._
v
Ga.   -----   __   ----
Y . .......-_____--___
La
Nb _-._-.. _   -_---.-
Ba_      -_-   _  -  
Sr_. .___-_..- __    --_-
Cu^ _______ __
Sc_. _.-..-__.-- .----_-_
Cr___    -.__-  -.---    
Pb__. -------   _- -----
Mo ... _____________ _-
Be

1

>1
.07
. 1
.006
.002
.02
.03
.02
.009
. 02

. 0005

.002

. 001

. 0002

3

0. 9
.05
.09
.005
.002
.009
.02
.01
. 2
.04

.0005

.0002

.0007

. 0001

5

0 2
03
1
003
002
01
04
009
003
02
0005

. 0002

Looked for but not found: Co, Ni, Zn, Cd, As, Sb, Bi, In, Tl, Sn, Ag, B. [Analyst, 
K. J. Murata. Numbers of specimens given above are the same as those in 
table 6 of chemical analyses. Refer to that table for locality descriptions]

Specific gravity of a Granite Mountain specimen was 
determined by Williams (1891, p. 74, 132) to be 2.557 
and of a specimen from Saline County to be 2.603.

Tabular feldspar crystals, which make up more than 
half the rock, (pi. 10.4) range from 10 to 25 millimeters 
in length, and a few reach 35 millimeters. They are

1 opaque, dull white or faintly bluish, yellowish, or flesh 
colored, and are distinctly wrhite where the surface has 
been exposed to the air and partly weathered to kaoli- 
nite. In thin section the crystals are moderately 
translucent to nearly opaque. They show distinct 
cleavage cracks as light lines, parallel to the base and 
tabular edge (pi. II A). Most of the crystals are 
twinned according to the Carlsbad law and between 
crossed nicols also appear to be intergrown in slender 
wedges with polysynthetically twinned feldspar, form 
ing a microperthitic structure. Williams (1891, p. 76, 
132) identified the feldspar in the nepheline syenite 
from Granite Mountain, Pulaski County, as microcline- 
microperthite, and that of the common Saline County 
rock as microperthitic orthoclase.

Nepheline occurs in greasy-appearing yellowish, 
brown, or flesh-colored grains as much as 10 millimeters 
between the feldspar and other crystals. The nepheline 
grains are broad wedges or polyhedrons, the edges of 
which were controlled by the crystal faces of the bound 
ing minerals. Nepheline (including analcime, in places 
an alteration product of nepheline) makes up 25 percent 
of the rock, but more commonly averages 10-15 percent. 
Under the microscope nepheline is transparent, color 
less, and generally in triangular or polygonal sections, 
and has a slightly lower birefringence than that of the 
feldspar.

The principal ferromagnesian minerals are biotite, 
pyroxene, and soda amphibole. The last of these, 
however, has not been noted in Pulaski County speci 
mens. Biotite is common in dark-brown to black six- 
sided crystals as much as 25 millimeters in diameter, 
but in many outcrops the crystals are less than 3 milli 
meters across. The pyroxene minerals are diopside 
and aegirine, which are generally less abundant than 
biotite, but locally make up as much as 10 percent of 
the rock. Diopside occurs in small greenish-black 
euhedral to subhedral crystals, generally with aegirine 
along the borders.

The main accessory mineral is sphene in yellowish 
resinous euhedral crystals as much as 2 millimeters in 
diameter. Apatite is also common in transparent long, 
narrow crystals with pyramidal terminations. Mag 
netite occurs in elongate subhedral crystals, and ilmenits 
locally in euhedral crystals. Natrolite, in well-formed 
crystals as much as 2 centimeters long, has been found 
in cavities in the Granite Mountain rock. Small grains 
of pyrite and purple fluorite are rare.

Analcime, which replaces nepheline in the rock and 
parts of feldspar crystals, is clear and colorless to 
slightly yellow7 . In thin section it appears colorless, 
and shows a poor cleavage in three directions at right 
angles (pi. II A). Between crossed nicols it shows a 
very weak birefringence and in places is polysyn-
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the tic ally twinned. Some areas contain tiny scattered 
needles of aegirine. Sodalite is found in some of the 
Saline County specimens in small clear grains wedged 
between the feldspar crystals. Other secondary 
minerals, such as kaolinite, calcite, and gibbsite are 
found as decomposition products of this rock.

Williams (1891, p. 136-140) has also described a 
relatively rare variety of gray nepheline syenite from 
Saline County that contains a considerable amount of 
plagioclase. An analysis of this rock, taken from his 
report (p. 139), is given in table 6, column 7. It is 
higher in sodium than any of the other nepheline 
syenite samples and is similar to the analysis of another 
Saline County sample from the SW# sec. 10, T. 2 S., 
R. 14 W. The analysis of this sample in the laboratory 
of the U. S. Geological Survey, Washington, D. C., 
appears in table 6, column 5. Thin sections of this 
rock (pi. llC), however, fail to show any single plagio 
clase crystals. The high sodium content is associated 
with the high proportion of feldspathoidal minerals 
and analcime in the rock.

PORPHYRITIC ALKALIC SYENITE (INCLUDING PTJLA8KITE)

Under this heading are included the porplryritic 
syenite rocks commonly known in the region as "blue 
granite." In Pulaski County those containing nephe 
line as an essential mineral were given the name 
pulaskite by Williams (1891, p. 56). In the few small 
scattered exposures in Saline County, the rock is not 
known to contain nepheline, and it was described 
by Williams (1891, p. 140-143) as porphyritic syenite. 
The so-called blue granite is distinguished in the field 
from the gray nepheline syenite by the light-to-dark- 
bluish-gray color, the porphyritic texture, and its 
tendency in outcrop to form moderately steep slopes 
that are thickly covered with weathered talus blocks.

Pulaskite was defined by Williams (1891, p. 69) as a 
nepheliiie-beariiig syenite with a trachytic or porphy 
ritic (?) structure in which soda-amphibole usually pre

dominates among the mafic silicates; soda-pyroxene 
and biotite are present in small quantities. This rock 
makes up the greater part of Granite Mountain, par 
ticularly the ridges and higher slopes (pi. 1).

In Saline County the similar-looking bluisli-g~ay 
porphyritic syenite crops out in patches in the NTY% 
sec. 23, T. 2 S., R. 14 W. The rock is resistant to 
weathering and erosion and forms small hills covered 
with subangular talus blocks. The highest of the little 
hills is 1,200 feet east and 1,600 feet south of the north 
west corner of sec. 23. Other small patches of bluish- 
gray porphyritic rock form elevated knolls in the 
SW#SW# sec. 26, the NE#NE% sec. 34, and the 
NW/1 sec. 35, in the same township. These have not 
been differentiated on the geologic map.

The texture of these rocks ranges from coarse to 
porphyritic granitoid. A core specimen is shown in 
plate 97?. Some of the large feldspar crystals 
have a subparallel arrangement that gives the rock 
a rough trachitoid texture (the "trachytic structure" 
of Williams). The bluish-gray pulaskite is harder, 
more resistant to wear and weathering, and slightly 
denser than the gray nepheline syenite. The average 
specific gravity of the Granite Mountain rock was de 
termined by Williams (1891, p. 50) to be 2.656. ^he 
chemical composition of pulaskite is similar to the gray 
nepheline syenite. Analyses of two specimens from 
the eastern part of Granite Mountain are given in tr,ble 
6, columns 3 and 4. Spectrographic analyses of the 
minor elements of one of these samples is given in 
table 7.

Orthoclase is the most abundant mineral in pulaskite. 
It occurs in two distinct generations early large 
crystals about 10 to 30 millimeters long, and later sriall 
ones that reach a maximum of 3 millimeters. The 
crystals are gray to bluish gray, semi translucent. Some 
of the large ones are euheclral, but the edges of others 
are interrupted by smaller ones. The large crystals 
scattered through aggregates of the small grains give

EXPLANATION FOR FIGURE 13

Igneous and metamorphic rocks. A, Gray nepheline syenite, pegmatitic facies from a segregation; feldspar crystals as much as 
40 millimeters long. Hand specimen (AB-201-4) from same locality as rocks shown on plate 1CL4. Natural size. B, Photo 
micrograph of a light-gray devitrifiecl feldspathic glass containing scattered pyrite cubes in contact with a dark-brown dike rock 
in which pyroxene and olivine phenocryrfts have been altered to chlorite and clay minerals (p. 69). Veinlets of carbonate 
minerals cut both rocks. Thin section (AB-6019A-2) from bottom of USBM drill hole 6019A, depth 1409 feet, NE^SW1 ^ 
sec. 11, T. 3 S., R. 13 W., Grant County. One millimeter indicated by scale. X 9.5. C, Photomicrograph of weath°red 
trachyte partly altered to montmorillonite and kaolinite. Trachytic texture is well preserved. White laths are mostly feldspar; 
darker areas between are montmorillonite apparently replacing glassy matrix; light areas of high relief scattered through rock 
are masses of fine-grained kaolinite replacing feldspar; darkest parts are biotite flakes and opaque minerals. Thin section 
from core specimen (AB-12042-3) from USBM drill hole 12-042, depth 335 feet, Stover property, SE^SW^ sec. 25, T. 1 S., 
R. 14 W., Saline County. X 75. D, Photomicrograph of large kaolinite crystals in the same rock. Unusually large wormlike 
crystals of kaolinite have nearly obliterated the trachytic texture. Part of the same thin section (AB-12042-1) shown in C. 
The core specimen came from 9 feet below top of residual rock which lay beneath a few feet of sediments of the Midway group. 
X 75.
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the rock a porphyritic appearance. Under the micro 
scope the crystals are translucent, and show cleavage 
commonly formed in two directions. They contain 
minute inclusions of mafic silicate, apatite, magnetite, 
and locally iiepheliiie, as well as tiny needlelike cavities 
that are alined parallel or at right angles to the cleavage 
planes. In some crystals an indication of zoning is 
heightened where the central part of the crystal has 
been altered to kaolinite and the rims are unaltered 
(pi. 9(7). Many of these feldspar crystals have ragged 
edges, even where fresh, and the composition of the 
interior appears to be slightly different than that of 
the rims. Williams (1891, p. 59) observed an indistinct 
microperthitic structure in many of the crystals and 
from the general crystallographic form and microscopic 
structure, as well as from a chemical analysis of the 
feldspar concluded that it should be classed as crypto- 
perthite, although the soda content is low.

The dark mafic silicate occurs in euhedral to anhedral 
grains in small nests or groups scattered through the 
feldspar. Biotite, apparently the earliest to crystallize, 
occurs rarely in pseudohexagonal crystals, more com 
monly in plates with irregular edges. In thin section 
it is reddish brown to dark brown, and has character 
istically strong absorption. Locally the biotite contains 
inclusions of irregular grains of magnetite, feldspar, 
and apatite. The pyroxenes are diopside in small 
stubby greenish-black crystals, containing an aegirine- 
like mineral along the edges as in the uepheline syenite. 
Under the microscope the crystals are light green or 
nearly colorless, some are darker green near the edges. 
In sections parallel to the vertical axis the interior parts 
have extinction angles (Zc) from 40° to 50° and the 
aegirine borders from 8° to 10°.

Nepheline is a characteristic mineral of the pulaskite, 
in some places making up as much as 10 percent of the 
rock, but generally less. It is in small colorless to 
yellowish-colored grains rarely reaching a millimeter 
in diameter, in shapes similar to those in the gray 
nepheline syenite. It likewise is commonly replaced 
by analcime. Rare inclusions of acicular apatite and 
secondary aegirine crystals are present locally. Sodalite 
in crystals about 0.5 millimeter in diameter was 
identified by Williams (1891, p. 67) in some of his 
slides.

The accessory minerals, in the order of their relative 
abundance, are as follows: yellowish resinous euhedral 
crystals of spheiie, as much as 1.5 millimeters long; 
slender transparent euhedral prisms of apatite, as 
much as 2 millimeters long and generally terminated 
at both ends by pyramidal facies; tiny scattered black 
opaque euhedral crystals of magnetite, generally less 
than 0.1 millimeter in diameter; and minute purple 
crystals of fluorite. Small second-generation aegirine

crystals in slender prisms, similar to those in the gray 
nepheline syenite, are scattered through the rock, 
locally in radial groups.

Analcime is the most common secondary mineral 
in the unweathered rock. It generally replaces iiephe- 
liiie and less commonly, parts of adjacent feldspar 
crystals. It has about the same properties as those 
in the gray nepheline syenite. Where the re ck is partly 
decomposed, kaolinite is the most common secondary 
mineral, replacing the cores of feldspar crystals (pi. 
9(7) and extending inward from the outside.

The porphyritic syenite in Saline County differs 
from the pulaskite described above, chiefly in the 
absence of nepheline. The scarcity ol pyroxene as 
compared to hornblende also is marked. Orthoclase 
crystals are large and tabular and are scattered through 
a relatively fine grained feldspathic matrix, giving the 
rock a marked porphyritic texture. Sphene is a common 
accessory mineral, apatite is rare, and magnetite occurs 
associated with ilmenite and its alteration products.

MINOR INTRUSIVE ROCKS

NEPHELINE SYENITE AND QUARTZ SYENITE DIKE BOOKS

The coarse-grained plutonic rocks of the nepheline 
syenite stocks are cut by many dike rocks of similar 
composition. The oldest are pegmatitic, porphyritic, 
and granitic-textured nepheline syenite dike?. Younger 
types, particularly in Pulaski County, include miarolitic 
nepheline syenite and quartz syenite dikes.

Pegmatitic dikes. Nepheline syenite pegmatite dikes, 
from several inches to several feet wide, are common in 
Saline County, particularly in sec. 16, T. 2 S., R. 14 W. 
They consist chiefly of large microperthitic orthoclase 
crystals and grains of nepheline, a small amount of 
mafic silicate of which aegerine is the most common, and 
in some places contain metallic sulfide. Seven of these 
dikes were described by Williams (1891, p. 143-146) 
and appear in a tabulation by Kemp and Williams 
(1891, p. 424, 425). In Pulaski County similar rocks 
occur in small ellipsoidal and veinlike segregations, in 
gray nepheline syenite and in pulaskite. Some of these 
contain a few percent of fluorite.

Porphyritic dike rocks. Porphyritic dike rocks are 
not common. One of these, in the SEKSE% sec. 16, 
T. 2 S., R. 14 W., was described by Williams (1891, 
p. 146) as "aegirite tmguaite." Another, at the old 
Letts mine in the NKNE}4 sec. 21, in the same township, 
contains, according to Williams (1891, p. 147-149, 
more than 50 percent nepheline associated with ortho 
clase, plagioclase, aegirine, apatite, magnetite, and 
secondary cancrinite. Tinguaite dikes rear Bryant 
containing unusual orbicular structures have been 
described by Hildebrand (1949). These are distin 
guished by Hildebrand from the tinguaitic border rocks 
discussed on page 66.
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The pegmatitic and porphyritic dikes are small and 
hence are not shown on the geologic map (pi. 1). They 
are of little importance to the bauxite problem except 
that they were minor source rocks of the bauxite.

Nepheline syenite dikes. Two nepheline syenite dikes 
with a granitic texture ("brown granite") cut the 
pendant rocks of Paleozoic age and the porphyritic 
border rocks along the south edge of Granite Mountain 
in sec. 35, T. 1 N., R. 12 W. and are shown on the 
geologic map (pi. 1). The rock is grayish- to pinkish- 
brown has a medium- to coarse-grained texture, and 
often has scattered large tabular feldspar crystals that 
give it a porphyritic appearance. This rock is described 
in detail by Williams (1891, p. 83-90) and a chemical 
analysis shows the rock to be similar to both pulaskite 
and gray nepheline syenite. The principal constituent 
is pinkish to brownish orthoclase in tabular subhedral 
to euhedral crystals with bluish transparent centers. 
It occurs with biotite, diopside with brown aegirine 
borders, nepheline in anhedral grains, and euhedral 
crystals of apatite, sphene, and magnetite. Secondary 
minerals include analcime, calcite, and cancrinite. 
Some of the mafic silicate has been serpentinized.

Miarolitic 'nepheline syenite dikes. The miarolitic 
dike rocks represent a late stage as some dikes cut 
pulaskite and others cut fourchite bodies. They are 
limited to the Granite Mountain area where they occur 
in weathered boulders on the surface, or in narrow 
veinlike masses cutting the older rocks.

A large miarolitic nepheline syenite dike trends 
northeastward across the NEK sec. 35, T. 1 N., R. 12 W., 
and probably is continuous with a larger mass of similar 
trend in sec. 25, T. 1 N., R. 12 W. Exposures of the 
larger mass are poor except for a small area in the creek 
bed northwest of the Fuller School. The amount of 
miarolitic material thrown out during the construction 
of the Big Inch Pipeline, however, indicates that the 
outcrop of this rock near the center of sec. 25 is much 
larger than that shown on earlier maps.

Small nepheline syenite dikes of this type in the 
fourchite and in rock outcrops of Paleozoic age at the 
southwest end of Echo Valley are not shown on the 
geologic map. The rock in these dikes is light tan to 
tannish gray and has a very porous miarolitic texture. 
The dikes appear zoned parallel to their strike, and 
each zone is characterized by a high degree of uni 
formity in the size of miarolitic cavities and by the 
tabular euhedral to subhedral feldspar crystals that 
bound them or protrude into them. The cavities and 
the feldspar crystals are about the same length in any 
one band, and most commonly are 8 to 10 millimeters 
long but range in length in different bands from 2 to 
30 millimeters. The feldspar is a microperthitic inter- 
growth of orthoclase and albite and is associated with
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biotite, soda amphibole, sphene, apatite, and nepheline; 
most of this last mineral has been altered to analcime.

Quartz syenite dikes. Syenite dikes that contain 
crystals and grains of quartz occur in several places in the 
northern and northeastern parts of Granite Mountain. 
A northeastward-trending dike along the top of the ridgr 
in sec. 13, T. 1 N., R. 12 W., is similar in color and tex 
ture to the "brown granite" of sec. 35, T. 1 N., R. 12 
W., which was described by Williams (1891, p. 20) as a 
"miarolitic nepheline syenite dike." However, careful 
examination of most of the large rounded boulders of 
which the exposures are composed will disclose a few 
cavities or small vugs that contain one or more subhedral 
quartz crystals. These crystals are generally 3-5 
millimeters in diameter, or slightly smaller than the 
subhedral feldspar crystals with which they are associ 
ated. Rare anhedral quartz grains occur sporadically 
in the compact granitoid rock.

Along the same trend, another dike was mapped by 
Williams as a coarse-grained quartz syenite, in a tribu 
tary valley at the northeast end of Echo Valley, in the 
SW/WWK sec. 24 and the E# sec. 23, T. 1 N., R. 12 W. 
According to Williams (1891, p. 93-97) its recognizable 
minerals are quartz in anhedral grains, orthoclase, and 
plagioclase; the ferromagnesian silicate minerals, among 
which aegirine can be recognized, have nearly all been 
altered to a reddish-brown ferruginous substance.

Another light-brownish-gray dike, described by Wil 
liams as a fine-grained quartz syenite, is exposed in the 
SEtfSEtf sec. 13, T. 1 N., R/12 W. The rock cuts 
pulaskite and dips a little less than 40° N. in the quarry 
of the Minnesota Mining and Milling Co.

Megascopically the rock is much like the miarolitic 
nepheline syenite from the center of sec. 25, except that 
drusy groups of quartz crystals, each less than 2 
millimeters in diameter, in some places coat the faces of 
euhedral feldspar crystals. Amber crystalline siderite 
in a similar relation to feldspar was noted where the 
dike was cut by the pipeline. The two minerals are 
secondary but not necessarily contemporaneous in 
origin.

Chemical analyses of the coarse- and fine-grained 
varieties of quartz syenite, published by Williams (1891, 
p. 99), show that the silica content is 4 to 5 percent 
higher than in the nepheline syenite of Pulaski County.

Two outcrop areas of a rock containing much quartz 
have been mapped as quartz syenite. The smaller 
exposure is in the flat bottom of Fourche Bayou in the 
SEtfSWtf sec. 21, T. 1 N., R. 12 W. The deeply weath 
ered rock at this locality consists of nearly equal 
amounts of anhedral quartz and feldspar and a lesser 
quantity of soft reddish-brown ferruginous matter. 
The larger and more southerly exposure lies at the north 
east corner of a triangular terrace remnant in the
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sec. 28, T. 1 N., R. 12 W. Much of the rock is similar 
to that in the small exposure to the north, but quartz 
is less abundant in the southern and southwestern parts, 
where the rock is coarse grained and contains vugs in 
which there are euhedral to subhedral feldspar and 
quartz crystals as much as 30 millimeters in diameter. 

Feldspathic veinlets containing quartz and amphibole, 
locally miarolitic, were noted in a specimen collected by 
E. F. Burchard from an outcrop near Bauxite, Saline 
County (pi. 9^1). The veinlets, as much as 1 centimeter 
wide, are nearly parallel and have been intruded into a 
rock that probably was once a shale or sandy shale but 
now is made up almost entirely of small feldspar grains 
among which biotite flakes are scattered, some of which 
show alinemeiit.

MAFIC DIKE ROCKS

Many dikelike bodies of aiigite-bearing rocks cut the 
coarse iiepheline syenite and pendant rocks of 
Paleozoic age and are themselves cut by miarolitic 
nepheline syenite dikes. On the geologic map (pi. 1) 
these lamprophyre dike rocks have been included under 
Williams' name fourchite in the Granite (Fourche) 
Mountain area. They are exposed along the slopes 
of the mountain at the southwest end of Echo Valley, 
as far as the summit of the ridge in the E^ sec. 33 and 
adjacent parts of the NW# sec. 34 and the SW^SWK 
sec, 27, T. I N., R. 12 W. The small exposures in 
Saline County are not shown on the geologic map.

The typical fourchite is a bluish- to brownish-black 
rock in which stubby pheiiocrysts of titaiiaugite, as 
much as 5 millimeters across, are scattered through a 
fine-grained matrix that contains considerable hydrous 
iron oxide. In thin section some of the moiiocliiiic 
pyroxene shows an hourglass and zonal structure 
between crossed iiicols. Leucoxene is scattered through 
the rock in tiny transparent yellow globules. In one 
thin section examined by R. L. Smith, a tiny veinlet in 
the matrix is filled with analcime.

In Saline County 14 lamprophyre dikes, most of 
which are in sees. 14, 16, 21, 22, and 26, T. 2 S., R. 14 W., 
have been described in a tabulation by Kenip and 
Williams (1891, p. 424-427, maps 3 and 3A). A nearly 
circular moiichiquite body, about 50 feet across that 
cuts the iiepheline syenite 900 feet south and 1,000 feet 
west of the center of sec. 26 was found by F. A. Hilde- 
braiid during the present field mapping. Along the 
southeast edge of this mass small angular gray fragments 
of the syeiiitic wall rock, as much as 2 inches in diameter, 
are scattered through the dark rock. Some of the 
dikes are now covered by overburden stripped from the 
bauxite mines, but several large ones are still accessible.

Most of the Saline County lamprophyres contain, in 
the order of their abundance: pheiiocrysts of titanaugite

in thick, light-brown, prismatic crystals that reach a 
millimeter in length, basaltic hornblende in reddish- 
brown prismatic crystals that reach 2 millimeters in 
length; tiny pseudomorphs of serpentine minerals after 
olivine; and small flakes of biotite. The groimdmass is 
partly glassy and contains small needles of apatite, 
pyrite cubes, and feldspathic material probably includ 
ing orthoclase and plagioclase. Williams (1891, p. 
150-157) called this type of rock an amphibole moiichi 
quite. A similar rock in which the amphibole is 
entirely lacking and the light-colored silicate and light 
glassy base are absent, or nearly so, was classified by 
Williams as moiichiquite.

PORPHYRITIC BORDER ROCKS

Iii the southeastern part of Granite Mountain some 
bodies of syeiiitic rock consist essentially of small feld 
spar pheiiocrysts in a dense greenish-gray to blacker 
purplish matrix, in places associated with tiny pyroxene 
or biotite crystals. This rock borders some of the 
pendant rocks of Paleozoic age that are surrounded by 
pulaskite, particularly where the pendants r,re cut by 
large iiepheline syenite dikes. It constitutes a border 
phase between the crystalline rocks and the meta 
morphosed sedimentary rocks.

Williams (1891, p. 99-106) has identified this rock as 
tiiiguaite, a rock found first in the Serra de Tingua, 
State of Rio de Janeiro, Brazil. Tabular orthoclase 
crystals are associated with iiepheline, sodalite, aegerine 
locally intergrowii with amphibole, and biotite, spheiie, 
fluorite, and apatite.

The largest tiiiguaite outcrop is in a small hill 011 the 
Dixoii property in the SE^NW'% sec. 35, T. 1 N., R 
12 W., Pulaski County. The rock is dense, hard, and 
jointed, and weathers deeply into scattered loose 
blocks. Some specimens contain masses of tiny feld 
spar laths and tabular crystals. In some places the 
alinemeiit of laths indicates flowage around the tabular 
crystals. Similar trachytic rocks have also been found 
within the pendants.

Distribution of these rocks in Pulaski County is 
shown 011 the geologic map (pi. 1).

PENDANT AND CONTACT ROCKS

The shale and sandstone beds of Paleozoic age that 
were engulfed by the iiepheline syenite intrusive rocks 
were locally metamorphosed. On the geologic map 
(pi. 1), within the exposed Pulaski iiepheline syenite 
mass, areas in which the pendant rocks are domiiiantly 
quartzite have been shown separately from those in 
which altered to relatively fresh shale predominates. 
Nearly all the pendant rocks have a northeasterly aliiie- 
ment. Some of these rocks, particularly the shale beds, 
have been altered to a finely crystalline rock composed 
largely of feldspar. The feldspathic rock is found near
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the edge of the pendants or where the pendants are cut 
by nepheline syenite dikes. Some of the small bodies 
and inclusions of sedimentary origin in the nepheline 
syenite are composed almost entirely of this type of 
rock. In Pulaski County some feldspathic rocks appear 
to grade into the porphyritic border rocks, but because 
of poor exposures and abundant soil the details of the 
transition have not been observed.

These contact rocks appear thinly laminated and 
stratified and resemble indurated shale or shaly sand 
stone on casual inspection. Examination under the 
microscope reveals that they are composed largely of 
anhedral feldspar grains that in some cases reach 2 
millimeters in diameter but generally are much smaller. 
Tiny biotite flakes are scattered among the feldspar 
grains and in places they are alined in parallel planes. 
In some of these contact rocks black oxides, presumably 
magnetite, are disseminated.

In the contact rocks from Saline County Williams 
(1891, p. 157-161) identified several other minerals: 
aegirine, astrophyllite, pyrite, and possibly leucoxeiie.

ROCKS OF THE MORE DEEPLY BURIED PARTS OF THE 
LITTLE ROCK IGNEOUS COMPLEX

During the Federal drilling program 60 holes were 
drilled to check the results of the magnetic and gravi 
metric geophysical survey conducted by the U. S. 
Bureau of Mines. The location of these drill holes is 
shown in plates 5 and 6. The maximum depth of 1,500 
feet was reached in 8 drill holes without striking the 
basement rock; of these, 7 stopped drilling in sediments 
of the Midway group and 1 in sand of the Wilcox group. 
Nine other holes were bottomed in the Midway at depths 
less than 1,500 feet and 2 bottomed in the Wilcox at 
relatively shallow depths. The remaining 41 drill 
holes reached the basement rock. The location and 
altitude of the collar of each of the 41, its total depth, 
and the depth, altitude, and description of the basement 
rock, are given in table 8.

An asterisk (*) before the rock name in the final 
column indicates that it was examined in thin section. 
Those unmarked were identified from core specimens, 
except for four identified from cuttings only, and two 
in which no cuttings were recovered as noted in the 
table,

The thin sections of these rocks were examined by 
R. L. Smith who assisted the writers with the min 
eral identifications that form the basis for brief descrip 
tions on the following pages.

One result of the deep drilling has been the confir 
mation of what was suspected since the geophysical 
work of Steam (1930), namely that the two principal 
areas of nepheline syenite exposures in Pulaski and 
Saline Counties are continuous and are the elevated

parts of a large igneous body or complex that lies mainly 
south and east of the surface exposures. This igneous 
body is referred to in this report as the Little Rock 
igneous complex. The area now proved to be under 
lain by the nepheline syenite rocks is estimated to be 
about 300 square miles. An outline of the area is 
shown in the sketch map (pi. 5). These limits have 
been interpreted by the writers from drill-hole data 
from the magnetic intensity map by Stearn (1930), 
and from the magnetic and gravimetric maps by Mal- 
amphy and Vallely (1944) and Malamphy and others 
(1948,^ v. 1).

All the deeply buried parts of the Little Rock 
batholithic complex, are overlain directly by marine 
sediments of the Midway group. No Cretaceous 
sedimentary rocks have been recognized in the drill 
holes. It is possible, however, that the buried edg? of 
the Cretaceous sediments reaches the igneous complex 
and that several of the drill holes that terminated in 
sedimentary beds at 1,500 feet, had they been drilled 
farther, might have cut into Cretaceous sedimentary 
rocks as well as igneous rocks beneath. The pyroxenite 
(Moody, 1949, p. 1415) recorded in Youngbloocl No. 
1 well of the Shafer Oil and Refining Co. near Sheridan, 
in Grant County, is overlain by 193 feet of Cretaceous 
sedimentary rocks. This well is only 7 miles southwest 
by south of the nearest of the 60 drill holes under dis 
cussion.

The deep drilling also has shown that the main 
magnetic anomalies represent bosses or stocks that 
protrude above the average surface of the complex. 
The rocks that form the buried hills called highs in 
this report are almost identical with those that form 
surface exposures of nepheline syenite. Another 
notable feature is the similarity of the rocks of the 
large buried nepheline syenite hills northwest and 
west of Woodson, in southernmost Pulaski County, 
and also in the vicinity of Ico, in northern Grant 
County, with those of the Pulaski nepheline syenite 
hill near Little Rock. The rocks of the Woodson and 
Ico highs include pulaskite; altered trachytic dike or 
border rocks, some of which originally had a glassy 
base; and altered lamprophyric dike rocks of the four- 
chite-monchiquite group.

Nepheline syenite. Most of the deep drill holes, 
particularly those in the western and central parts of 
the igneous complex, bottomed in gray nepheline sy 
enite. Three of the cores were examined in this sec 
tion and are described below.

USBM drill hole 6-004, about 3 miles west by south 
of Woodson, bottomed at 1,283 feet below ground level 
in a coarse-grained gray nepheline syenite containing 
abundant orthoclase and considerable nepheline, and 
sodalite, sphene, biotite, and a soda amphibole relr.ted
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TABLE 8. Depth, altitude, and lithologic character cf the basement rocks in deep drill holes in Pulaski, Saline, and Grant Counties

[Asterisk (*) Indicates that the rock was examined in thin section]

FSBM
drill hole

6-001
6-002
6-004
6-005

8-012A
6-014
6-015
6-017
6-019

6-021

6-022
6-023
6-024

6-025

6-026
6-027

0-028

6-030
6-031

6-032

6-033

6-034
6-035C
6-036

6-037
G-038
6-039
6-040
0-042

6-043
6-044
6-045
6-046
3-047
6-049

6-050
6-051
6-053
6-056
6-057
6-059

ApproMmate location

SWUNW^ sec. 24, T. 2 S., R. 12 W-_
NE^NW^ sec. 31, T. 2 S., R. 11 W .
SW^NWU sec. 25, T. 2 S., R. 12 W .
NE^iNE^ sec. 34, T. 1 S., R. 12 W_-

NWUNW^sec. 18, T. 3 8., R. 12 W-.
NW^NW^ sec. 18, T. 3 S., R. 12 W-
SW^SW^ sec. 7, T. 3 S., R. 12 W_
SWJ 4SE^ sec. 11, T. 3 S., R. 13 W__.
NE^SW^ sec. 11, T. 3 8., R. 13 W__

NW^NW 1 * sec. 17, T. 2 S., R. 11 W-.

NEUNW^ sec. 17, T. 2 S., R. 11 W_.
SW^SWJi" fee. 17, T. 2 8., R. 11 W_.
NWJiNW,^ sec. 17, T. 2 S., R. 11 W _

NW^NEiii sec. 18, T. 2 8., R. 11 W__

NW^SW^ sec. 8, T. 28., R. 11 W 
SW^SE^ sec. 8, T. 2 8., R. 11 \V-___

NW^SE^ sec. 7, T. 2 S., R. 11 W-_-

NW^E^ sec. 23, T. 2 8., R. 12 W  -
SE^NE^sec. 36, T. 1 S., R. 13 W_-_

NE^NE 1 ! sec. 36, T. 1 8., R. 13 W 

SW^SW^ sec. 29, T. 1 S., R. 12 W--

NE^NW 1 ! sec. 36, T. 1 8., R. 13 W
SE^NW^ sec, 8, T. 3 g., R. 13 W  .
SEkSW*; sec. 5, T. 3 8., R. 13 W_.-.

SW^SW1 ! sec. 6, T. 3 8., R. 13 W 
SE^iNW^ sec. 17, T. 3 S., R. 13 W___
NW^NE^ sec. 5, T. 3 S., R. 13 W_-
NE^NE 1 * sec. 5, T. 3 S., R. 13 W  .
NW^NW 1 * sec. 35, T. 2 S., R. 13 W-

SE^SWfi sec. 23, T. 2 S., R. 13 W_._
NWJ-4SE}4 sec. 14, T. 2 S., R. 13 W
NEMSEVsec. 14, T. 2 S., R. 13 W_-
NW^NW^ sec. 12, T. 2 S., R. 13 W_.
SW^SWU sec. 5, T. 2 S., R. 12 W__. .
SW.^NW^ sec. 4, T. 2 S., R. 12 W_ __

SE^NW^ sec. 3, T. 2 8., R. 12 W_._-
SE^SW^ sec. 28, T. 1 S., R. 12 W__-
SE^iNW^ sec. 10, T. 2 S., R. 13 W_._
SEJ 4NE 1 '4 sec. 16, T. 2 S., R. 12 W___
NW>4SW! 4 sec. 34, T. 1 S., R. 12 W__
SW^NW^ sec. 1, T. 2 S., R. 12 W _.

Altitude
at collar

(feet)

293. 8
279. 8
255. 7
272. 6

341. 3
314. 6
331. 8
281. 5
285. 2

257. 0

230. 1
252. 5
249. 0

258. 2

254. 7
228. 9

255. 6

292. 2
341. 7

333.0

310. 6

386. 2
345. 2
326. 2

354. 0
347. 1
313. 6
343.4
303. 1

342. 3
367. 3
338. 3
383.0
328. 2
305.3

273. 8
348. 1
399. 9
278. 1
242. 4
261. 9

Total depth
(fi-pti

1, 295. 3
1, 452. 5
1, 283. 3

855.2

1, 253. 5
1, 446. 4
1, 199. 0
1,426. 5
1, 409. 8

976. 5

1, 012. 0
1,251. 5

806. 0

1, 192. 2

1, 082. 2
879. 5

1, 118. 2

1, 312. 6
662. 6

518. 1

426. 9

436. 2
1, 177. 7
1, 101. 5

1, 044. 0
1, 425. 0

714.0
602. 7

1, 164. 9

975. 5
858.0

1, 053. 0
1. 042. 0
1, 042. 0
1, 002. 0

1, 048. 0
921. 4
707.0

1, 162. 0
927. 0

1, 121. 5

Depth
(feet )

1, 295
1, 451
1,283

853. 5

1,250
1, 446
1, 198
1,420
1,407

974

1, 010
1, 250

806

1, 192

1,080
878

1, 116

1, 311
660

518

426

436
1, 177
1,099

1,043
1,401

713
602

1, 162

976
858

1,048
1,036
1,038
1,000

1,047
920
704

1, 160
925

1, 120

Altitude
(feet)

-1,001
-1, 170
-1,027

-580

-909
-1, 131

-866
-1,138
-1, 122

-717

-780
-977
-557

-934

-825
-649

-860

-1,019
-319

-185

-115

-50
-832
-773

-690
-1,054

-400
-259
-859

-634
-491
-710
-653
-710
-695

-773
-572
-304
-882
-683
-858

Basement rock

Description

* Altered fine-grained syenite porphyry.
*Green altered lamprophyric dike rock.
*Dark-gray coarse nephelire syenite.
*Gray nepheline syenite.

*Bluish-grav pulaskite.
*Do.

*Tan trachitoid syenite dike rock.
*Altered green lamprophyric dike rock.
* Altered green lamprophyric dike rock

over gray spherulitic altered glass
(fig. 135).

Gray nepheline syenite boulders and
nepheline syenite.

Gray nepheline syenite pebbles.
*Bluish-gray nepheline syenite.
Very hard rock (no cuttings). Nephe

line syenite (?).
Do. '

*Pulaskite.
Hard rock (no cuttings). Nepheline

syenite(?).
*Tan, altered fine-grained nepheline

syenite porphyry.
Nepheline syenite.
Light-gray nepheline syenite (cuttings)

Hard black fine-grained igneous rock
(cuttings) .

Light-bluish-gray coarse nepheline sye
nite.

Bluish-gray nepheline syenite.
Very hard rock (cuttings) . Paleozoic (?)
Gray quartzite. Paleozoic.

Dark-gray novaculite. Paleozoic.
Gray micaceoxis shale. Paleozoic.
Gray nepheline syenite.
Gray altered nepheline syenite.
Nepheline syenite.

Do.
Gray coarse nepheline syenite.
Pink coarse nepheline syenite.
Light-gray conglomerate. Paleozoic.
Novaculite. Paleozoic.
Nepheline syenite.

Do.
Do.
Do.
Do.
Do.
Do.

to arfvedsonite. Some secondary carbonate and a 
sericitic mineral are present.

In USBM drill hole 6-005, about 8)2 miles south by 
west of Wrightsville, the basement rock, reached at 
a depth of 853 feet, was a gray coarse-grained nephe 
line syenite that is almost peginatitic in texture. It 
is composed predominantly of feldspar, with inter 
stitial analcime, sphene, biotite, aegirine, considerable

apatite, and scattered ilmenite or magnetite blebs. 
The analcime has two forms that apparertly merge, 
one with a strain pattern or zoning and an apparent 
slight birefringence, and the other isotropic, but clouded 
with scattered tiny inclusions.

The easternmost nepheline syenite in place was 
reached in USBM drill hole 6-023, about a mile and 
a half northwest by west of Woodson, at a depth of
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1,250 feet. This rock in which feldspar is predominant 
is coarse grained and is associated with analcime, 
nepheline, aegirine, a little biotite, and magnetite or 
ilmenite. Other records of uepheline syenite in the 
deep drill-hole cores are given in table 8.

Porphyritic alkalw syen ite (pulaskite). Coarse-grained 
porphyritic varieties of nepheline syenite were noted 
in three thin sections of cores of basement rocks from 
drill holes on the Woodson and Ico magnetic anomalies 
in southern Pulaski County and northern Grant 
County. On the south slope of the Ico high, in USBM 
drill hole 6-012, at a depth of 1,250 feet, the coarse 
grained basement rock has the peculiar porphyritic 
texture of pulaskite in which clusters of large feldspar 
crystals are scattered through a mass of small ones. 
Analcime is abundant, cutting through the feldspar. 
Biotite, orthopyroxene, clinopyroxeiie, apatite, and 
possibly nepheline are also present.

A similar rock, differing mainly in that the pyroxenes 
are somewhat larger than in the first, was found at a 
depth of 1,446 feet in USBM drill hole 6-014, about 
a quarter of a mile south of drill hole 6-012.

About 2% miles north-northwest of Woodsou, in 
USBM drill hole 6-026, at a depth of 1,082 feet, another 
coarse-grained syeiiitic rock was cored which showed a 
texture similar to those described above. Both ortho- 
clase and plagioclase can be recognized although they 
have been altered in part to carbonate. Some apatite, 
biotite, and chlorite are present.

Trachytic dike or border rocks. Fine-grained syenitic 
rocks with a porphyritic or trachytic texture were 
cored in several of the deep drill holes. They resemble 
particularly those associated in surface exposures with 
tinguaite and other border rocks around and within 
pendant rocks of Paleozoic age. In USBM drill hole 
6-001, about 2% miles west of Woodson, the basement 
rock at a depth of 1,295 feet below ground level is an 
altered fine-grained syeiiitic rock, composed principally 
of feldspar, and secondary carbonate and a sericitic 
mineral.

A similar rock was cored in USBM drill hole 6-028, 
about 2% miles northwest of Woodson, at a depth of 
1,116 feet. It is composed of feldspar pheuocrysts in 
a fine feldspathic groundmass through which is dissemi 
nated considerable iron oxide, carbonate, and a fine 
grained micaceous material, probably a hydromica.

A trachitoid syenite dike rock occurred in USBM 
drill hole 6-015, at a depth of 1,199 feet, at the most 
elevated part of the basement rock reached in drilling 
the Ico magnetic anomaly near the village of Ico. 
This rock is composed essentially of large feldspar 
phenocrysts in a groundmass of small feldspar laths, 
exhibiting flow structure. Hydromica is sprinkled 
through the groundmass.

Near the west end of the Ico magnetic anomaly in 
USBM drill hole 6-019 at a depth of 1,409.5 feet, the 
rock in contact with an altered mafic rock of the 
fourchite-monchiquite group (fig. 135) is a light-gray, 
fine-grained, flow-banded, altered feldspathic rock. 
Apparently it was once a spherulitic glass that has 
been devitrified. Scattered trichites are discernible. 
The spherulites in places are well formed, concentrated 
in little blebs, pods, or veinlets. Small pyrite nbes 
are scattered sporadically through the rock.

Mafic dike rocks. Extensively altered lamprophyric 
rocks that probably belong in the fourchite-monchiouite 
group were found in holes drilled to explore the small 
Hensley magnetic anomaly near the south edge of 
Pulaski County and the western part of the Ico mag 
netic anomaly in northern Grant County.

USBM drill hole 6-002, about 1% miles west of 
Hensley, reached an altered lamprophyric rocl~ at 
1,450 feet containing relict crystals of olivine and mono- 
clinic pyroxene. These minerals which were altered 
largely to chlorite are scattered through a groundmass 
of chlorite, muscovite, secondary carbonate minerals, 
some feldspar, secondary amphibole (actinolite?), and 
tiny black specks of opaque iron oxide minerals. The 
relict olivine phenocrysts indicate that the rock may 
originally have been a monchiquite.

USBM drill hole 6-017, about \% mile west of Ico, 
reached a similar highly altered dike rock at a depth of 
1,426 feet. Relict phenocrysts of pyroxene are con 
tained in a groundmass composed chiefly of feldrnar, 
and considerable chlorite, epidote or zoisite(?), and 
carbonates and oxides. About a third of a mile away, 
in USBM drill hole 6-019 at a depth of 1,409 feet, an 
almost identical rock was found in contact with a light- 
gray, fine-grained rock of the trachyte group, described 
above, that probably is a devitrified glass (fig. 135). 
The dark rock is composed chiefly of decompos: tion 
products of a highly ferrogmagnesian rock. Outlines of 
relict crystals now altered to chlorite and a greenish 
clay mineral, probably noiitronite, indicate olivine and 
monoclinic pyroxene. There is also some secondary 
calcite or other carbonate and secondary oxides. In 
one of two thin sections of this rock only relict pyroxene 
was noted. The original rock probably was fourchite 
or monchiquite.

Moody (1949, p. 1410-1428) reviewed the expoeures 
of the igneous rocks of Mesozoic age of the northern Gulf 
Coastal Plain and discussed the subsurface distribution 
of similar rocks found in deep wells. Alkalic rocks 
related to the nepheline syenite of the Arkansas bauxite 
region have been found as far southeast of Little Pock 
as Jackson, Miss. Moody (1949, p. 1416), regards the 
trachyte porphyry, tinguaite, nephelinite, and mon 
chiquite rocks present in some of the deep holes as-
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"essentially complementary dike types produced by 
late differentiation of a parent peralkaline magma." 
Most of the buried igneous bodies probably occur in the 
form of highly differentiated stocks.

STRUCTURAL, RELATIONSHIP

Evidence indicates that the bodies of alkalic igneous 
rock were intruded along a fault or shear zone of north 
easterly trend and that movement along this fault zone 
may have continued intermittently until as late as 
early Tertiary time. This is indicated in part by the 
strong difference in strike of the rocks of Paleozoic age 
north and northwest of the igneous complex from those 
in pendants within the complex, and by the straight 
trend of the northwest edge of the igneous mass. 
Several northeasterly elongate depressions in the buried 
Paleocene surface, centering in sec. 35, T. 1 S., R. 14 W., 
were found during the drilling of the Thomas-Williams 
deposit. These coincide closely in position and trend 
with the northwest edge of the Little Rock igneous 
complex and may indicate that some movement along 
a probable fault took place in this area as late as Paleo 
cene time. These depressions, buried beneath the 
Eocene Wilcox sediments, are discussed more fully in 
the description of this area on page 216.

AGE AND GENETIC RELATIONSHIP OF IGNEOUS AND SEDI 
MENTARY ROCKS

Whatever information has been added to the knowl 
edge of the igneous rocks of the central Arkansas 
province by this study does not invalidate the ideas 
and conclusions of Williams (1891, p. 119-125; 161-162) 
as to their age and mode of origin. Despite the lack 
of decisive evidence for accurately dating the igneous 
rocks in Pulaski and Saline Counties, Williams (p. 3) 
believed that they, like the diamond-bearing peri- 
do tit es in Pike County, Ark., were formed toward the 
close of the Cretaceous period. The peridotite rocks 
were intruded into the Trinity formation of Early 
Cretaceous age and are overlain unconformably by the 
Tokio formation of Early Cretaceous age (Miser, and 
Purdue, 1929, p. 99-117). Water-deposited basic 
igneous material in the lower part of the Tokio indicates 
that at least part of the eruption was concurrent with 
the deposition of these beds. Whether the peridotite 
was formed at the same time as the nepheline syenite 
rocks is a matter of conjecture, but the peridotite is 
similar to some of the nioiichiquite dike rock of the 
bauxite region.

The pyroxenite reported from a drill hole near 
Sheridan, Grant County (Moody, 1949, p. 1415), is 
directly overlain by the Nacatoch sand of Late Cre 
taceous age. It probably is closely related to the 
fourchite of the bauxite region. Altered dike rocks of 
the fourchite-moiichiquite group were found in drill

holes on the Ico high, about 10 miles north of the 
pyroxenite locality. Geophysical data (Stearn, 1930; 
Malamphy and Vallely, 1944) indicate, however, that 
the buried igneous body near Sheridan is not actually 
a part of the Little Rock igneous complex.

Evidence is well established for a long period of 
widespread volcanism in the West Gulf Coastal Plain 
during early and middle Late Cretaceous time. The 
Woodbine formation, lowest of the Upper Cretaceous 
units, contains in southwestern Arkansas, southeastern 
Oklahoma, and northeastern Texas a considerable 
amount of volcanic debris, concentrated in places 
in tuff and tuffaceous sandstone beds (Ross, Miser, and 
Stephensoii, 1929). Similar material has been found 
in the overlying Eagle Ford clay and in the Tokio 
formation. The Tokio contains water-deposited igneous 
materials near Murfreesboro, Pike County. These 
materials include in the lower part thin beds of probable 
peridotitic tuff and also beds of kaolin probably derived 
from the alteration of volcanic dust (Ross, Miser, 
and Stephensoii, 1929). The same formation in south 
ern Howard County, contains concentrations of ilmenite 
in red sands associated with tuffaceous sandstone in its 
upper part (Holbrook, 1948). Volcanic lapilli are 
found occasionally in sandy parts of the Brownstowii 
marl and the Ozan formation in Arkansas (Moody, 
1949, p. 1414).

The pyroclastic material in the Woodbine and Tokio 
formations is largely of the phonohte type, but it also 
includes minor amounts of orthoclase and rock frag 
ments of the trachyte type, particularly near Nashville, 
Ark. Ross, Miser, and Stephensoii (192^, p. 189) 
concluded that much of this igneous material in 
Arkansas came from ancient volcanoes probably located 
in Howard, Pike, and Sevier Counties. They pointed 
out the similarity in composition between a phonolite 
boulder from Howard County, and the nepheHiie syenite 
(foyaite) of Pulaski County. Ross (1938) identified 
volcanic rocks at Magnet Cove, Hot Spring County, 
and added the nearly circular pluglike igneous body at 
that locality to the growing list of volcanoes that were 
active in Late Cretaceous time.

The nepheline syenite rocks of Pulaski and Saline 
Counties probably were intruded at about the same 
time that the volcanic materials of similar composition 
in southwestern Arkansas were erupted. Thus the 
evidence favors an early Late Cretaceous age for the 
intrusive rocks of central Arkansas. The formation 
of these rocks, as pointed out by Williams (1891, p. 3), 
doubtless continued for a considerable time.

Evidence that the Little Rock complex was intruded 
in places beneath a comparatively thin sedimentary 
cover is indicated by the fine matrix of trachytic and 
lamprophyric dike rocks, found in exposures and in
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deep drill holes. Originally the matrix of many of 
these rocks probably was a glass. These and other 
porphyritic rocks are found on several of the more 
elevated parts of the mass on the bosslike hills or 
cupolas that originally protruded upward into the 
overlying sedimentary rocks of Paleozoic age. These 
rocks occur locally 011 small hills on the slopes of large 
ones composed mainly of pulaskite. Williams (1891, 
p. 121) believed that the pulaskite formed above the 
coarse-grained iiepheline syenite where the alkalic 
magma cooled more rapidly and therefore assumed a 
semiporphyritic texture. In places the partly solidified 
pulaskite cracked and was injected by additional 
magma from the less congealed mass below to form the 
granular iiepheline syenite dike rocks.

Three steps were suggested by Williams for the 
sequence of formation of the igneous rocks in the 
Pulaski County exposures. First, the introduction of 
the main mass of the magma resulted in the crystalliz 
ation of the iiepheline syenite, the pulaskite, and their 
associated dike rocks, as described above. Second, the 
fourchite and related rocks were intruded. Third, the 
pegmatitic and miarolitic dikes of syeiiitic rock were 
intruded before the earlier rocks had entirely cooled. 
A similar sequence of events probably took place to 
form the rocks of the now deeply buried, though origi 
nally elevated parts of the batholith near Woodson 
and Ico.

In the central and western parts of the complex, 
including the Saline, Sardis, and Bryant buried hills 
the principal rock is coarse-grained iiepheline syenite, 
which indicates cooling under a cover thicker than in 
the elevated areas in the eastern part of the complex. 
The sequence of events in the western part is more 
simple. On the domelike Saline hill, alkalic syenite 
porphyry, similar in appearance to pulaskite, formed 
in a few places where the magma was quickly cooled, 
possibly where it entered cracks and recesses in the 
overlying country rock. Tinguaitic border rocks 
formed locally around small pendants and inclusions 
of country rock, most of which were completely altered 
to feldspar. Pegmatitic dikes and later porphyritic 
syenitic dikes were formed in cracks and fissures in the 
coarse-grained iiepheline syenite while the mass was 
still cooling. The monchiquite dikes were probably 
the last to form in that part of the region.

COMPOSITION, CLASSIFICATION, AND ORIGIN OF 
BAUXITE DEPOSITS

HISTORY AND DEFINITION OF TERMS 

TJSAOE OF THE TERMS "BAUXITE" AND "LATEKITE"

Bauxite was discovered by P. Berthier (1821, p. 531), 
a French chemist, while investigating specimens believed 
to be iron ore found on the hill of Les Beaux near Aries,

in Provence, southern France. Chemical analysis 
showed that the red claylike rock was virtually free of 
silica, either as free quartz or combined in a silicate, and 
that it contained 52 percent alumina (A12O 3), 27.6 per 
cent ferric oxide (Fe2O 3 ), 20.4 percent combined water 
(H2O), and a trace of chromic oxide (Cr2O 3). Berthier 
believed that the rock was a mixture of red iron oxide 
with a mineral in which aluminum oxide is present in 
the dihydrate form (A12O 3.2H2O).

The name "beauxite" for this substance was first 
used in a report, by A. Dufrenoy (1847, v. 3, p. 799), 
although presumably it was used informally even earlier. 
Deville (1861, p. 309) later adopted the name "bauxite" 
in place of the older spelling, to conform with the 
modern version of the name of the town and hill at the 
type locality, Les Baux.

The concept of bauxite as a mineral of definite 
composition (A12O 3 -2H2O) was generally accepted among 
geologists, particularly in America. However, it is 
doubtful that Dufrenoy believed bauxite to be a mineral 
species,

Deville (1861, p. 309-342) considered the bauxite of 
southern France to be aluminous oies, although he 
included under this name some rocks that contained as 
much as 60 percent ferric oxide (Fe_.O ;i). Lacroix (1901, 
v. 3, p. 342) concluded that the term referred to a 
mixture of minerals including several colloidal hydrox 
ides of aluminum, mixed with similar hydroxides of 
iron and other impurities, and that bauxite is in reality 
a true rock. Fermor (1911, p. 559-561) also concluded 
that "the name bauxite was not given to a definite 
mineral, but to an impure aluminium-ore of very vari 
able composition, and that consequently its application 
has, really, always been to a rock and not to a mineral."

Bauxite is the term generally accepted for aluminum 
ores. These ores are largely mixtures, in different pro 
portions, of boehmite or diaspore, the moiiohydrates of 
alumina (AbOs-H^O), and gibbsite, the trihydrate of 
alumina (A12O 3 -3H2O), generally containing some im 
purities. The most common impurities include kao- 
linite or similar clay minerals and the oxides and hydrox 
ides of iron and titanium. Harder (1930, p. 64) has 
defined bauxite as "an aluminum ore, more or less 
impure, in which aluminum is largely present as 
hydrated oxides/' This is the generally accepted use 
of the term in many countries, particularly by economic 
geologists in the Americas.

Some geologists, especially in Europe, have put other 
limits on the use of the name than those generally 
accepted in the United States. Early European geolo 
gists applied the name broadly to include rocks having 
a high content of iron oxide. This continued until 
Max Bauer (1898, p. 192) suggested that bauxite and 
laterite were one and the same kind of rock. This idea
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was quickly accepted by geologists who came to use 
"laterite" as the more general term and "bauxite" for 
the highly aluminous variety.

The residual weathered rocks were divided into two 
groups by Harrassowitz (1927). For the rocks composed 
essentially of hydrated aluminum oxides he proposed 
the name "allite," and for those composed largely of 
hydrated aluminum silicates, he proposed the name 
"siallite." He restricted the term "bauxite" to the 
variety of allite that occurs in the European terra rossa 
type of deposit associated with limestone, from the 
leaching and weathering1 of which the bauxite is sup 
posedly derived. Because this bauxite usually is com 
posed largely of the monohydrate of alumina, he also 
called it "monohydrallite." He applied the term 
"laterite" to the tropical type of allite that is formed by 
the weathering of crystalline rocks and is usually com 
posed largely of the trihydrate of alumina, and he 
further designated it "trihydrallite." Harrassowitz's 
terminology has not been widely accepted, but the 
restriction of the name bauxite to the material in depos 
its of the European terra rossa type has been followed 
by some geologists.

Fox (1932) in the preface to the second edition of 
"Bauxite and aluminous laterite" states that there 
are two substances with different modes of origin, the 
the first the terra rossa or French type, and the second 
lateritic or Indian type, and he notes that the Arkan 
sas deposits belong to the second type. In the text, how 
ever, he uses the name bauxite loosely in the commercial 
sense. De Weiss (1948, p. 94) has used these two dis 
tinctions as a means of classification and divides the 
rocks of alteration rich in hydrates of alumina into two 
principal groups: terra rossa bauxite and lateritic 
bauxite.

The name laterite was introduced by Francis Bu- 
chanan (1807, v. 2, p. 440-441) for a ferruginous residual 
rock he saw in many places in the Malabar and Kanara 
territories of southern India. This rock which hardens 
quickly on exposure was widely used in blocks for build 
ing in this region. Buchanan gave no chemical analysis 
of the rock. The name was used by geologists and 
engineers in tropical regions for many ferruginous 
weathering products, most notably the red earthy rocks 
that cap tablelands and plateaus in peninsular India. 
The high alumina content of some of the "laterites" in 
central India was pointed out by F. R. Mallet (1883, 
p. 103).

Through the work of Max Bauer (1898, p. 163-219; 
1907, p. 33-90), on "laterites" from the Seychelles 
Islands and also from Madagascar, "laterite" and baux

ite were shown to be varieties of the same type of rock, 
both being formed by a process of rock weathering that 
leaves a residue rich in the sesquioxides. The material 
from the Seychelles Islands included the weathering 
products of two igneous rocks, "granite laterite" and 
"diorite laterite." According to Clarke's Data of Geo 
chemistry Bauer's laterite is deduced to be a mixture of 
free silica (more than 50 percent quartz in the "granite 
laterite"), the trihydrate and monohydrate of alumina, 
together with hydrated ferric oxide. Studies by Warth 
and Warth (1903, p. 154) on the chemical composition 
of Indian "laterites" showed that there is a gradation 
from "laterite" to bauxite.

The work of Bauer and the Warths won g.cceptance 
by geologists the world over and the term "laterite" 
was adopted for the hydroxide decomposition products 
of a variety of rocks, formed by "lateritic weathering" 
in many lands with warm humid climates. "Lateriza- 
tion," the process by which "laterite" is formed, was 
shown to be limited to tropical regions. Laterite ac 
cording to the Bauer-Warth conception has been defined 
by Clarke (1924, p. 497) in the Data of Geochemistry as 
"essentially a mixture of ferric hydroxide, aluminum 
hydroxide, and free silica in varying proportions." 
Fermor (1911, p. 460) did not believe free silica was 
necessarily typical of laterite and defined tl e rock as 
"a hydrated mixture of oxides of aluminum, iron, and 
titanium, of extremely variable composition, and show 
ing every gradation from ferruginous later:te almost 
free from alumina to aluminous laterite almost free from 
iron." He added, "When pure enough to l^ used as 
aluminium-ore the laterite is usually known as bauxite."

Fermor suggested the use of qualifying adjectives for 
siliceous impurities such as "quartzose laterite" where 
more than 50 percent free silica in the form of quartz is 
present, or "lithomargic laterite" where similar amounts 
of combined silica in the form of clay minerals related to 
kaolinite are present. He also proposed the use of the 
term "lateritite" for detrital laterite; as well as "later- 
itoid" for a cavernous mixture of iron oxides that re 
sembles laterite but actually is a metasomatic replace 
ment deposit in certain metamorphic rocks and retains 
structures of the original rock (Fermor, 1909, p. 381).

It was not until more than 125 years after Buchanan's 
introduction of the term "laterite" that an effort was 
made to determine the true nature of this material as 
first described. In 1933, at Fermor's request, C. S. Fox 
(1936, p. 389-422) revisited Buchanan's orig'nal Mala 
bar and Kanara localities, collected a numb Qr of sam 
ples, and had chemical analyses made. To his surprise 
he found (p. 401) that "Buchanan's rock is really a
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vermicular litliomarge with a considerable amount of 
ferric hydrate present in the upper part." The chemical 
analyses showed that the silica ranges from 17.1 to 32.8 
percent, the alumina from 16.6 to 25.3 percent, and the 
ferric iron from 4.9 to 39.1 percent. Fermor, in an in 
troductory statement to Fox's paper, said that the rock 
was what he would term a "lithomargic laterite." Both 
men urged retention of the name "laterite" in the 
Bauer-Warth sense.

Those who have proposed that the name laterite be 
restricted to the original Buchanan rock include Pen- 
dleton (1936), Pendleton and Sharasuvana (1942; 1946), 
and Vadasz (1946). According to Pendleton and Sha 
rasuvana (1946, p. 433) laterite is a soil term. It is

an illuvial horizon, largely of iron oxides, with a slaglike cellular 
or pisolitic structure, and of such a degree of hardness that it 
may be quarried out and used in building construction.

They continue,

With only occasional exceptions the laterite horizon develops 
within the soil in the zone in which the upper surface of the water 
table fluctuates. Where laterite is exposed at the soil surface 
(some authors call this an "ironstone pavement") it is, with few 
exceptions, the result of the soil profile's having been truncated, 
that is, erosion has carried away the overlying soil the eluvial 
horizon.

In summarizing the foregoing discussion, it appears 
that there are two different materials commonly called 
"laterite."

Buchanan's laterite an indurated slaglike, locally 
pisolitic rock composed of hydrous aluminum silicates 
(clay minerals related to kaolinite) and hydrous iron 
oxides, that hardens noticeably on exposure to the air. 
This has been called by some authors "low level laterite" 
and "ground water laterite." It is probably formed in 
an illuvial layer in the soil profile in equatorial regions 
in the zone of fluctuating water table on peneplains 
where ground-water conditions are relatively stable.

Bauer-Warth laterite a mixture of hydrous oxides, 
principally of iron and aluminum, also of titanium and 
manganese, indurated and pisolitic in some places. 
This has been called by some writers "high level later 
ite." It probably forms in an eluvial soil zone in 
tropical areas of good drainage where the water table 
is moderately deep.

There is at present a general inclination among geolo 
gists and soil scientists toward a broader interpreta 
tion of the term. Both types of laterite, it may be 
argued, are products of the process of lateritization and 
differ only in degree. A laterite, therefore, may be said 
to be a rock rich in the oxides of iron or alumina, or 
both, that has been formed as a product of tropical

weathering. In this report the word laterite, where 
used, has this broad interpretation.

BAUXITE AS DEFINED IN THE PRESENT REPORT

Bramlette (1936, p. 11) defined Arkansas bauxite as 
"rock high in aluminum hydroxide." He added that 
its physical characteristics generally are sufficient for 
its recognition but for positive identification a chemical 
analysis is necessary. He recognized complete grada 
tions from bauxite to kaolin on the one hand and 
bauxite to iron oxide on the other and suggested that 
rock with characteristics of bauxite but high in clay be 
called "bauxitic clay" and rock high in iron oxide or 
hydroxide be called "laterite."

Harder (1930. p. 64) defined bauxite as "an aluninum 
ore, more or less impure, in which the aluminum is 
largely present as hydrated oxides." Because cf the 
changeable nature of economic factors a slight modifica 
tion of Harder's definition was adopted for this investi 
gation by J. H. Thoeiien and R. P. Bryson (written 
communication, 1944). Bauxite, according to theJr ac 
cepted definition is "an aggregate of aluminous minerals, 
more or less impure, in which aluminum is present 
largely as hydrated oxides."

In Arkansas bauxite the principal ore mineral is the 
trihydrate of alumina, gibbsite. Whatever monohy- 
drate of alumina may be present occurs in such small 
quantities that it has no commercial significance. The 
main impurities are the hydrous aluminum silicate, 
kaolinite; ferrous carbonate, siderite; and other iron 
and titanium oxides. As chemical analyses were avail 
able for nearly all the bauxite samples collected during 
the field program, it was convenient to assign chemical 
and mineralogic limits to the varieties of aluminous 
rocks that were in the drill cores. The specific limits 
adopted for the Arkansas bauxite region are discussed 
below.

Bauxite. A mixture of gibbsite with kaolinite, 
siderite, and other impurities in which gibbsite makes 
up more than 50 percent of the rock is regarded as 
bauxite in this report. For convenience in desigrating 
chemically analyzed samples of aluminous rocks a 
lower limit of 24 percent of available alumina was 
placed on rock called "bauxite." (Available alumina 
as used in this report, is the percentage of alumina in 
the rock, less 1.1 times the percentage of silica.) This 
lower limit of 24 percent includes nearly all the alu 
minous rocks in the region that would be called bruxite 
in the field 011 the basis of physical appearance. No- 
table exceptions are rocks that contain secondary kao-- 
linite or siderite in excess but still retain essentially the 
general aspect of the earlier unaltered gibbsitic rock.
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The limits for bauxite do not correspond closely with 
those used for ore in this report. Ore is regarded as 
that part of the bauxite that contains 32 percent or 
more of ayailable alumina, and the ore bodies are de 
limited on that basis. The low-grade rock containing 
between 24 and 32 percent available alumina is re 
ferred to as "high-silica bauxite" provided the iron 
content is low. Bauxite containing more than 10 per 
cent iron oxides is called "high-iron bauxite" in this 
report. The chemical limits for bauxite, bauxitic clay, 
and kaolinitic clay are shown graphically in figure 30.

Bauxitic clny. This is a mixture essentially of kao- 
linite possibly associated with related clay minerals, 
and gibbsite, with siderite and other impurities, in 
which the gibbsite content is less than 50 and greater 
than 15 percent. Rock so defined is commonly light 
grayish tan or cream colored, with a clayey to mealy 
texture, moderately plastic to iionplastic, and com 
monly containing sparsely scattered oolites and small 
pisolites or fragments of bauxite and kaolinitic clay. 
At the field laboratory any rock of this type containing 
between a fraction of a percent and 24 percent avail 
able alumina was called "bauxitic clay."

Kaolinitic clriy. The composition of this clay is 
essentially kaolinite possibly associated with related 
clay minerals, with siderite and other impurities; 
gibbsite, if present, does not exceed 15 percent. Where 
pure this clay can be called kaolin, but this designation 
has been avoided in most of this report and where used, 
it is without ceramic implications ("bauxite-kaolin 
zone"). Kaolinitic clay occurs in the general vicinity 
of the bauxite deposits in sedimentary beds commonly 
with a fragmental texture; in residual deposits com 
monly preserving in their lower part the texture of the 
underlying nepheline syenite; in the weathered part of

the Wills Point formation; and in small veinp and scat 
tered bodies and masses in bauxite.

PHYSICAL PROPERTIES

Because bauxite is a rock containing a mixture of 
minerals in different proportions, its physical properties 
are diverse. The Arkansas ore ranges in consistency 
from a tough, well-consolidated material that is difficult 
to break with a hammer, to a soft earthy substance that 
can be crumbled to a powder between the fingers.

Color. The color of the Arkansas ore ranges from 
light buff to dark brown but is most commonly light 
tan. In some places pink to red predominates; in 
other deposits orange or yellow are common, particu 
larly in flesh tones. Even greenish or bluish tones are 
found rarely in high-silica bauxite or bauritic clay. 
Where pyrite and related iron sulfides are present, the 
ore may be black. Lighter shades of tan or gray are 
generally associated with lower grades of bauxite or 
bauxitic clay, but pure white specimens lave been 
found that are composed of nearly pure gibbsite. Red 
or orange staining generally indicates iron impurities, 
but some tannish-gray varieties are filled with siderite 
and contain considerably more iron than mp.ny of the 
red specimens, and some graiiitic-textured specimens 
high in alumina are orange. Color is therefore no 
index of the quality of the ore, nor does it indicate the 
amount of iron present except in a general way.

Hardness. Wysor (1916, p. 46) measured the hard 
ness of many samples of Arkansas bauxite, noting 
especially the relative hardness of different types of 
pisolites and matrix (table below). He found that the 
matrix ranges in hardness from 2 to 4, and the pisolites 
range from 2 to 7. Vitreous well-formed pisolites with 
coiichoidal fracture are the hardest.

Physical properties of selected samples of Arkansas bauxite. After \\'ysor 

[Samples with same exponent (a, b, c, d, e) came from same specimen of ore. The word "pisolite" is used to replace Wysor's term "oolite"]

P ample

1*
.)
3 _ ___ __ ______
4 __________
5 _____ __________
6

8d___         
9 d__        
10 _ _________
11 ______ ___ __
12 ________
13 e_______ _______
14 «_.____________
15 » ______ _____
16c______   _____
17 .         
18 _______ ____ _

Form

Pisolite. __________

Pisolite. __________

Pisolite. __________
Matrix..
Pisolite. __________

_____do. ____________
Matrix _ _________
Pisolite

_____do _-_. __ ____
_____do ____________
_____do __ _________
  ..do ____________
_____do ____________
_____do___._________
  do       
___-_do_.-____ _____

Color

Eed__.__________

Red_. ___________
___ _do___________
   do  _   
BufiL___________
Black___________
Bufl____________

Black.   _    
Red_____________

Red__________ __
  do      

_____do___________
Red.... ____..__

Luster

Dull.       
   .do  _   ___ .
   do   -   
_____do____._    
  do     
_____do. ____________

Dull _____________
_____do_  ________

  do        

   do       -
Dull.       . 

_____do-_____-_-____

___ _do_____________

Structure

_____do__. ________________

_____do____    _________
  do          

_____do__-_-______________

_____do._.________________
  do   ______________
_____do.___.___. __________
_.___do___. _______________
____ _do__. ________________
_____do.___.______________
_____do__. ________________
  .do           

Fracture

_.___do___. _________
Hackly________ _ _

Hackly       .

Hackly____________

   do        
Hackly    ______

Hackly  _________
___. .do. __.-.______

_____do. ____________

Streak

_ _ do _________________

Yellowish brown__

Red- ___________________

_____do. __________________
Red  __________________

Hard 
ness

4
4

2-4
2-4

4
4

6-7
2-3
2-3
5-6
5-7
1-5
4-5

4
4

5-7
4-6
4-5

Specific
gravity

2.43
2.35
2.42
2.36
2.41
2.38
3.01
2 41
2 38
2.77
2 93
2 48
2 53
2 43
2.40
2.78
2.69
2.55
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Physical properties and chemical analyses of selected samples of 
Arkansas bauxite. After Wysor

(Sample numbers are the same as in the preceding table]

Sample Hard 
ness

Specific 
gravity

HaO SiO2 TiO2 Fe2O3 AlsOs

Pisolites

7
11.... ___ __ _ ___
10       
17--- __ -----   
18-          
13            
1  _ _ _ ____ ____
3   ___ ________

6-7 
5-7 
5-6 
4-6 
4-5 
4-5 

4 
2-4

3.01 
2.93 
2.77 
2.69 
2.55 
2.53 
2.43 
2.42

14.58 
17.66 
19.62 
20.42 
26.02 
27.54 
29.82 
31.96

2.20 
1.54 
2.52 
3.32 
3.48 
3.76 
2.16 
2.08

1.70 
2.00 
2.20 
2.00 
2.40 
2.70 
2.20 
3.40

9.00 
10.70 
11.50 
9.80 
7.40 
5.70 
6.50 
2.70

72. 52 
68.10 
64.16 
64.44 
60.70 
59.30 
59.32 
59.86

Matrices

6.. .          
9            .
4

4 
2-3 
2-4 

4

2.38 
2.38 
2.36 
2.35

32.14 
31.90 
32.00 
32.50

2.64 
1.56 
1.64
.68

3.70 
4.20 
3.60 
4.00

2.00 
5.30 
2.00
5.50

59.52 
57.14 
60.76 
56.72

Specific gravity. Dana lists the specific gravity of 
massive gibbsite as 2.3 to 2.4, so presumably if Arkansas 
bauxite had few or no impurities it would fall within 
this range. According to Wysor (1916, p. 46) the 
specific gravity of samples of Arkansas bauxite ranged 
from 2.35 to 2.38 for specimens of matrix bauxite, 
and from 2.42 to 3.01 for selected pisolites. Hardness, 
luster, and specific gravity are related to the miner- 
alogical character of the bauxite, particularly to the 
amount of the monohydrate present. Chemical analy 
ses of the bauxite specimens studied by Wysor, however, 
show that iron content in part results in the higher 
specific gravity of several of his samples.

Porosity. Most of the bauxite is very porous, and 
generally between 30 and 40 percent of the volume is 
taken up by pore space. Specimens of granitic- 
textured bauxite, called "sponge ore" by the miners, 
have a porosity as high as 60 percent. Mead (1915, 
p. 39) reported that the average of a number of tests 
showed that the bauxite has 38.5 percent pore space. 
Much lowrer grade less porous ore, howrever, is being 
used now than wras mined in Mead's time. Most high- 
silica and high-iron bauxite probably averages about 
30 percent pore space.

The adsorptive properties of bauxite are very great 
and lead to highly specialized uses of the material for 
refining and catalysis. Special grades, when calcined 
at 700°F, have an effective surface area of 273 square 
meters per gram, according to a study by King, 
Laughlin, and Gwyn (1944, p. 239).

The porosity of the material in place has a pronounced 
effect on the retention of moisture during a dry season 
and on the runoff of surface water during a wet season. 
The porosity therefore influences the physiographic 
character and the distribution of the bauxite deposits.

Plasticity. Bauxite is generally hard and brittle

arid has no plasticity. Where soft it is typically non- 
plastic of a mealy consistency, particularly noticeable 
if a small fragment is ground between the teeth. 
Lower grades of soft bauxite and bauxitic clay that 
contain a large quantity of kaolinite may be somewhat 
plastic, and at least one example has been noted of 
high-grade soft gibbsitic rock that is extremely plastic. 
Chemical analysis of a sample of this white clayey 
material collected by Alcoa engineers from a mine 
near Bauxite showed the composition to be almost 
entirely gibbsite; yet it had about the consistency of 
very soft putty.

The friable and nonplastic nature of most bauxite 
makes its recovery in a drill tore difficult. In earlier 
drill holes of the Federal drilling program, cores were 
taken with a 2-inch double-tube barrel, using oil as a 
drilling fluid. Later it wras found that the required 
80 percent recovery of core could be secured by using 
a 3-inch double-tube barrel with water as a drilling 
medium.

LITHIC FEATURES OF BAUXITE

Bauxite in Arkansas occurs in many forms, among 
which the three most distinctive are: granitic-textured 
bauxite that bears the relict texture and structure of 
the nepheline syenite from which it was formed, 
pisolitic bauxite that contains or is largely formed of 
concretionary structures; and textureless or claylike 
bauxite. The pisolitic variety is by far the most 
common. Any of these three forms may be modified 
by subsequent addition or replacement of gibbsite, 
kaolinite, or of iron minerals to form other, more spe 
cialized types, or may be eroded and redeposited in 
beds that exhibit a variety of textures and structures 
characteristic of sedimentary deposits.

ORANTTTC-TEXTURED BAUXITE

The bauxite that preserves the original texture of the 
nepheline syenite varies greatly in appearance. This 
rock is found in deposits in place on the higher slopes of 
buried nepheline syenite hills where it generally overlies 
kaolinized nepheline syenite and underlies pisolitic 
bauxite. It also is found as small boulders and pebbles 
in detrital deposits. Generally the granitic texture can 
be discerned only faintly in the hand specimen, but a 
pit face of this rock viewed from some distance bears a 
striking resemblance to a stained and weathered surface 
of nepheline syenite (fig. 18). Where the texture of the 
original rock is well preserved, as in the typical "sponge 
ore" of the miners' terminology, pseudomorphs of 
microgranular gibbsite after feldspar are abundant.The 
rock is extremely porous and large individual relict 
feldspar crystals commonly are marked by groups of
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parallel linear cavities, as shown in the photographs of 
hand specimens in plate WB. In less porous specimens 
the tabular pseudomorphs after feldspar stand out in 
low relief on the weathered surface. Polished sections 
of some of these specimens are mottled light tan and 
reddish brown, in the manner indicated in the photo 
graph on figure 14. The lighter areas generally include 
the central parts of pseudomorphs after feldspar and 
the darker areas are the iron-stained interspaces.

FIGURE 14. Oranitic-textiired bauxite from Saline County (natural size). Tan 
and gray mottled bauxite derived from nepheline syenite. Light areas are mostly 
within original feldspar laths that have been replaced by gibbsite. Sawed face of 
specimen (AB-80-3) from the top of the bauxite bf d -'n the northeast part of the 
Section 16 mine Photomicrograph shown in plate 11Z>. For X-ray analysis see 
page 111.

Under the microscope the masses of microcrystalline 
gibbsite in patches, many of which have the outlines 
of the original feldspar crystals, are the most striking 
features of this type of bauxite. The gibbsite forms an 
open lattice in part of the rock, and in some places can 
be seen to have formed extensively along original feld 
spar cleavage planes (pi. IID). Clear microcrystalline 
gibbsite patches also lie outside the crystal boundaries, 
but in most places the groundmass in the interspaces 
has a ferruginous stain and appears finely granular 
(pi. IIB). Much of this groundmass also appears to 
be made up of an isotropic material which probably is

a cryptocrystalliiie variety of gibbsite. Several thin 
sections of granitic-textured bauxite also show skeletal 
pseudomorphs after sphene of a yellowish-brown to 
dark-brown opaque mineral that resembles leucoxene 
under the microscope. This is probably the same mate 
rial that was identified by X-ray analysis in several 
specimens of this rock as anatase and is discussed later.

PISOLITIC BAUXITE

Much of the bauxke in all the deposits is in the form 
of concretionary structures known as oolites or pisolites 
which differ only in size. Those less than 2 millimeters 
in diameter are called oolites; those greater than 2 milli 
meters are called pisolites. The nearly spherical bodies 
that have or appear to have a concentric concretionary 
structure range from tiny pellets about 0.1 millimeter 
in diameter to pebblelike forms as much as 5 centi 
meters across. The oolites are generally less than 1.0 
millimeter in diameter; the pisolites are most commonly 
3-20 millimeters. Although there are intermediate 
sizes between the oolites and the pisolites, they are not 
common, and in most of the specimens examined the two 
are distinct, though apparently they both form in the 
same manner. Compound pisolites larger pisolites 
enclosing smaller ones or oolites are not uncommon, 
and one of these is illustrated in the photomicrograph 
on plate 14B. Fragmental or incomplete pisolites are 
found in some places, together with whole ones.

Pisolites have thin but well-developed rinds, generally 
tan to gray, that are lighter in color than the centers. 
Some are concentrically banded in different colors within 
the rinds but others are apparently homogeneous. 
The interiors of many are hard and cherty-looking, 
have a porcellaneous to vitreous luster, and break with a 
conchoidal fracture. These hard pisolites are red, tan, 
brown, gray, and black, and the densest generally are 
the darkest. Centers of other pisolites are soft, earthy, 
semiliquid, or even hollow. Many of the soft pisolites 
are tan or cream colored, having about the same color 
and texture as the surrounding matrix. In the lower 
part of some deposits, pisolites commonly are light to 
dark gray or tan, and generally have a slight bluish cast. 
The interiors of some are black, but are semiliquid, 
though apparently of about the same chemical composi 
tion as the bauxite rinds. Similar gray to dark-gray 
or grayish-tan pisolites in the upper part of many 
deposits also have soft centers but are composed largely 
of kaolinite; some are hollow.

Under the microscope the pisolites and oolites are 
translucent and cloudy to opaque. They consist largely 
of a fine brown isotropic material that is probably a 
cryptocrystalline variety of gibbsite. In some pisolites, 
particularly in pisolitic bauxite associated with the 
granitic type in Saline County deposits, patches of
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microcrystalline gibbsite are found within the crypto- 
crystalline, or so-called amorphous material. They are 
generally fragmentary, but some are recognizable 
pseudomorphs after feldspar. A few pisolites are found 
with whitish spots at or near the center, but normally 
there is no definite evidence of pisolites having formed 
around a tiny central nucleus.

A network of nearly radial cracks or veinlets cuts 
many of harder pisolites. The veinlets are usually filled 
with microcrystalline gibbsite which also lines tiny 
cavities. Siderite and associated iron oxides are found 
in small irregular patches within some pisolites. Kao- 
linite fills veinlets in others, and several have been ob 
served where the interiors are completely filled with 
light-gray kaolinite, probably of secondary origin. In 
a few places pyrite or marcasite fills the central core of 
pisolites, and small veinlets of this mineral radiate out 
ward from the center.

The material forming the matrix between the pisolites 
may be dense and hard, firm and mealy, or soft and 
clayey. In some places it is almost textureless, but 
in others it is finely oolitic, usually composed largely 
of oolites and small grains that are less than 0.5 
millimeter in diameter. The distribution of pisolites 
in the matrix ranges widely; they may be sparsely 
scattered or closely packed. The extremes are also 
fairly common; that is, matrix material in which there 
are no pisolites, and groups of loose pisolites in which 
there is no matrix. Generally, even where they are 
abundant, the pisolites are spaced in the matrix without 
touching one another. This evidence indicates that 
they formed in place. Under the microscope the matrix 
of most of the pisolitic bauxite is seen to be composed 
of cloudy "amorphous" gibbsite that appears isotropic 
between crossed nicols. Brownish-yellow to dark- 
brown earthy patches of leuxocene also are present. 
The matrix commonly is cut by small veinlets and con 
tains cavities. These are lined or filled in places by 
many secondary minerals. In the general order of their 
abundance these are granular siderite; reddish-brown 
to black iron oxides; kaolinite in masses, flakes, and 
wormlike or accordionlike crystals; microcrystalline 
gibbsite; and pyrite in tiny cubes and other forms. 
Barite, chlorite, and chamosite crystals have also been 
found although they are rare.

A general correlation is recognized between the 
varieties of pisolitic bauxite and their position within a 
deposit, or the position of the deposit in relation to the 
underlying rocks. In any single deposit, however, the 
types tend to merge.

A variety of pisolitic bauxite, called "birdseye ore" 
by the miners, is characteristic of the residual deposits 
on the higher slopes of the Saline igneous mass and is 
not found elsewhere. It occurs in the upper part of

the bauxite section, overlying the "granitic" type and 
contains pisolites, many of which are large, subspherical 
to ellipsoidal, red to black, dense, having subvitreous 
to vitreous luster, and a conchoidal fracture. Tiny 
broken fragments of this bauxite are slightly magnetic. 
Rinds, 1 2 millimeters thick, envelop pisolites or groups 
of pisolites giving an appearance of accretionary layers. 
The matrix is brick red to gray, and is commonly 
differentiated into small lobes of several color tones. 
It is hard and brittle and where the rock is broken 
the pisolites also are broken across. A polished speci 
men of this type of ore is shown in figure 15 A. The 
matrix of some of the bauxite associated with this 
type, particularly on the lower slopes is soft and tan; 
in some places the pisolites weather from it easily.

Pisolites in the gently sloping deposits near the bases 
of the buried nepheline syenite hills are usually less 
than a centimeter in diameter, averaging between 5 
and 8 millimeters, rather uniform in size, and closely 
packed (figs. 16 and 17). Though all variations are pres 
ent from those with hard centers to those with viscous 
interiors, most of them are softer and less highly colored 
than the ones in the bauxite on the higher slopes. The 
matrix likewise is soft and generally tan to brown, and 
more drab in appearance than that of bauxite higher 
on the slopes. The hardest pisolites usually occur 
in the upper middle part of a deposit; and lower in the 
section they are fewer, smaller, and softer. Pisolitic 
bauxite commonly grades downward to oolitic, frag- 
mental, or massive varieties in these deposits.

MASSIVE OR CIvAYLIKE BAUXITE

Bauxite possessing no distinctive texture, the so- 
called amorphous bauxite of some writers, is found in 
all deposits, but is not as common as the other two 
types just described. It is white to tan, in places re 
sembling kaolinitic clay, and occurs in small irregular 
bodies or "horses" in the residual high-level deposits, 
where it grades into both the pisolitic and the granitic- 
textured type of ore. According to Bramlette (1936, 
p. 12), horselike masses of fine-grained, massive bauxite 
of good quality were present in the lower part of the 
ore deposit in Alcoa Mine 14. Chemical analyses 
were necessarj- to distinguish this material from 
similar clay horses and the underlying clay.

This type of bauxite also is commonly found in 
lenticular bodies in the lower part of the bauxite in 
deposits that fringe the nepheline syenite hills, where it 
commonly grades into oolitic, pisolitic, and frag- 
mental varieties.

VERMICULAR STRUCTURE

A variety of bauxite having a crude vermicular 
appearance is associated with the birdseye ore in the 
upper part of the bauxite in Saline County residual
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FIGUKE 15. Concretionary structures in bauxite from the Section 16 mine (natural size). A, Pisolitic bauxite ("birdseye ore") of soft 
light-tan and pink pisolites and hard dark-brown to black pisolites in a brownish-red hard matrix. Sawed face of specimen 
(AB-80-1). Note vermicular structures in matrix and fragmentary black pisolites, also note included block of more finely pisolitic 
bauxite. Chemical analysis given on page 109, spectrographic analysis given on page 108, X-ray determinations on page 110. 
B, Red vermicular bauxite showing distribution of areas of different degrees of iron staining. Lightest areas surround tubelike 
bodies, some of which are filled with siderite. Sawed face of hand specimen (AB-80-2).

deposits. It closely resembles the matrix of birdseye 
ore and apparently represents parts of the rock in which 
pisolites have not formed. A polished face of a hand 
specimen is shown in the photograph on figure 15B. 
The vermicular appearance is due largely to the dis 
tribution of the iron-stained parts in irregular tubes 
and fingerlike bodies. Some of these are small and 
resemble worm borings; others are larger and irregular, 
reaching 3 centimeters across. The limits of some are 
vague; others are well defined.

Under the microscope the groundmass is seen to be 
composed of scattered aggregates and grains of micro- 
crystalline gibbsite in a fine matrix that appears iso- 
tropic between crossed nicols. Parts are heavily 
stained with iron oxides. Lighter colored gray to tan 
areas commonly surround elongate cavities that usually 
are filled with very irregular siderite grains and aggre 
gates surrounded by brown to black iron oxides.

A similar example of this kind of bauxite, from India, 
has been illustrated by Fox (1932, p. 38, photograph 3),
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who considered it to be a typical form of aluminous 
laterite. The Indian specimen contains many small 
irregular cavities, fissures, and tortuous tubes. These

<r

FIGURE 16. Tan pisolitic bauxite. Typical specimen containing several small 
bauxite pebbles. Sawed fare of core specimen (AB-16047-1) from East Bauxite 
deposit, USBM drill hole 16-047, depth 432 feet, SE J4NWJ£ sec. 31, T. 2 S., R. 13 
W., Saline County. Natural size.

are fewer in the Arkansas specimens, and all appear to 
have been filled with aluminous matrix material, and 
lastly by siderite and iron oxides. Another example, 
from French Guinea, has been illustrated by Lacroix 
(1913, p. 277, pi. 12, fig. 3).

OTHER STRUCTURES FORMED BY CONCRETIONARY 
PROCESSES

A variety of forms that closely resemble breccia or 
conglomerate have been produced by alteration of baux 
ite in place. These are common in the middle and 
upper parts of residual deposits near Bauxite. The re 
sulting forms range from pebblelike concretionary 
structures within granitic-textured bauxite (figs. 19-21) 
to boulderlike blocks of pisolitic and granitic bauxite 
in a pisolitic matrix (fig. 22). Massive granitic-tex 
tured bauxite is cut into blocks and fragments by 
anastomosing veins and masses of pisolitic or claylike 
bauxite. The blocks are angular and mosaiclike to 
well rounded and scattered. Locally the boundaries 
between concretionary bauxite and the relict granitic 
blocks are poorly defined, but more commonly they are 
emphasized either by kaolinization or by the growth of 
thick gibbsitic crusts.

Kemnant rounded blocks of birdseye pisolitic bauxite 
and of vermicular rock are also found in a matrix of 
pisolitic bauxite that has apparently formed by con 
cretionary processes. Locally blocks of pisolitic or 
granitic-textured bauxite occur in a matrix of kaolinitic 
or bauxitic clay retaining remnant pisolitic structures. 
This rock has the appearance of a rubble but was 
formed in place by weathering. It commonly grades 
downslope without any perceptible break into a true

FIGUBE 17. Aggregate of tan pisolites loosely cemented by siderite crystals. Hand specimen 
(AB-24-1) from Weiss mine near Woodyardville, Tulaski County. Natural size.
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FIGURE 18. Section of granitic-textured bauxite of the zone of leaching, near outcrop 
of deposit in the Pruden mine. Note sheeting, probably a relict structure from the 
original nepheline syenite. The height of the bauxite face is about 15 feet.

FIGUEE 19. Section in the north wall of Alexander Hill mine showing small pebble- 
like concretionary structures that have formed in granitic-textured bauxite. 
Light-colored rock at lower right is kaolinitic underclay.

rubble actually broken up by transporting agencies 
and recemented that fingers into the Wile-ox as de 
scribed in the following section. So imperceptible is 
the change from concretionary to transported rubble 
that only those rocks can be differentiated that are 
extreme examples of the two modes of origin.

Some of the bauxite associated principally with the 
deposits near Bauxite has a cellular appearance in out 
crop. The surface is riddled with small round cavities 
resembling the vesicles in some extrusive igneous rocks. 
When this rock is broken, however, the interior is seen 
to contain vague outlines of relict feldspar crystals or 
poorly formed pisolites.

Another form of bauxite in the same outcrops resem 
bles a scoriaceous lava. When broken, this material

FIGUEE 20. Face in the Section 1.1 mine 100 yards north of portal of the Davis under 
ground mine showing concretionary bauxite rubble formed within granitic-textured 
bauxite. A concretionary area in lower center, indicated by hammer.

FIGUEE 21. Close-up view of the concretionaiy a_ja shown in figure 20. Kaolin- 
ization of part of the bauxite matrix has emphasized the rubbly appearance of 
the rock.

r> *~L"<> - - - - - - «**^ - " -fC
S" ^y^i£'i&^~ ^J*S'?ff-"-^'>:'. * -"

FIGUEE 22. Rubbly surface of bauxite in the downslope part 01 a reswuai ueposit. 
Boulderlike blocks of pisolitic and granitic-textured bauxite in a matrix of pisolitic 
bauxite exposed at the top of bauxite bed near the southwest end of the Section 
16 mine.
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also exhibits a granitic or pisolitic texture, or may be 
almost structureless. Similar scoriaceous forms of 
bauxite have been described in other parts of the world, 
for example in the India and New Guinea deposits. 
Both cellular and scoriaceous forms are confined to 
bauxite in outcrop, and are relatively rare in Arkansas 
deposits, where the proportion of outcrop to mined 
faces and cored sections is very low compared with the 
apparent dominance, judging from published reports, 
of this material in deposits elsewhere that have been 
examined largely in outcrop.

SEDIMENTARY STRUCTURES

In many of the Arkansas deposits there is abundant 
evidence of the erosion, transportation, and redeposi- 
tion of bauxitic material either by mass wasting or by 
running water resulting in several distinct types of 
bauxite that exhibit structures characteristic of sedi 
ments. Although a good proportion of the Arkansas 
ore could be classed as sedimentary deposits, the amount 
that preserves diagnostic structures is comparatively 
small.

Commonest of the sedimentary types is the rubbly 
bauxite in boulder beds, consisting of blocks or boulders 
of pisolitic and granitic-textured ore in a matrix of 
bauxite, clay, or rarely sand. A bed of this sort is 
shown in figure 23. Where not too contaminated by 
matrix derived from clastic and carbonaceous Wilcox 
sediments, this bauxite has been mined. In the Saline 
County deposits good ore of this type consists of fair 
to well-rounded masses broken up by slumping and 
landsliding of the deposit, in a matrix of fine material 
and has no visible stratification or other evidence of 
deposition by water. It is restricted to the upper part 
of the bauxite in the downslope parts of the large high- 
level deposits near Bauxite, or is interbedded with the 
Wilcox that fringes these areas. This rubbly trans 
ported ore is similar in appearance to concretionary 
bauxite that occurs in the middle, and locally the upper 
part of the bauxite in the same high-level deposits, but 
has a totally different origin, as described earlier.

Another type is the well-bedded or stratified bauxite 
(figs. 24-27) that is exposed in several mines in Pulaski 
County and that also has been found in some of the 
drilled deposits in that district. It occurs in the upper 
part of bauxite deposits fringing the nepheline syenite 
masses and usually is found in channels that tongue into 
the Berger formation downslope. Photographs of 
stratified bauxite in the Ratcliffe and England pit 
mines are shown in figure 24A, B, and in the Hummel 
shaft mine on figure 27. In the Ratcliffe deposit, which 
contains some of the best exposures of this rock, the 
stratification is pronounced. Beds as much as 4 inches 
thick of well-sorted pisolites and hard bauxite pebbles

FIGURE 23. Bauxite rubble bed within the Saline formation in the 
southwestern part of the Section 16 mine, in sec. 21, T. 2 S., R. 14 W., 
Saline County. Dark-brown carbonaceous sandy clay, indurated, 
limonitic (o). Rubble of bauxite and bauxitic clay (6). Carbonaceous 
clay and lignite (c); upper layers penetrate rubble above as at hammer. 
Dark-gray silty carbonaceous clay (rf;.

are interstratified with layers of granules and grains of 
the same material (fig. 26). Parts of the stratified 
deposit contain a cement of microcrystallirie gibbsite in 
which are scattered tiny grains and oolites of dark 
cryptocrystalline gibbsite (fig. 25D, B) , and locally the 
pisolites are coated with tiny gibbsite crystals (fig. 24D). 
In other parts of the deposit granular siderite is 
the cementing agent and the upper layers of the 
deposit are highly ferruginous. Scattered masses of 
light to dark cherty-looking kaolin fill cavities and 
veinlets in the upper part of this deposit (fig. 25 A, B, 
C). Some of the bauxite in these deposits has a well- 
defined crossbedding, as was observed in the England. 
Reichardt, and Rummel mines, all in Pulaski County. 
A sample of pisolitic gravel from a crossbedded layer 
in the Reichardt mine is shown in figure 24C?.

Near the base of the bauxite in some deposits are 
small lenses and channels filled with bauxitic detritus 
from sand and granule to moderately coarse gravel. 
Thej- range in thickness from a few inches to a few feet. 
Concentrations of heavy minerals are common at 
the base of the lenses, and fragments of lignite are 
found in the more gravelly parts. Rarely, a thin 
lignite or carbonaceous layer is at the base of the lens
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(fig. 52). These lenses have been observed in a few 
of the Saline County deposits, such as those in the 
Fletcher 40 and Midwest pit mines and the Childress 
shaft mine. They probably are common in other 
similar deposits in that district but, as they would be 
difficult to recognize in drill cores and are well preserved 
only in freshly cut pit and mine faces, they are easily 
overlooked.

Still another type of bauxite of detrital origin is 
referred to as "fragmental bauxite" (pi. 14(7). It occurs 
beneath pisolitic bauxite, in the lower part of the 
bauxite profile and in the downslope ends of gently 
dipping bodies that fringe the buried nepheline syenite 
hills where they are lapped by the tapering edge of the 
Midway. It is associated with and grades into oolitic 
and massive varieties, and overlies and grades into 
bauxitic clay with about the same fragmental texture. 
The matrix is mealy to clayey, tan or grayish tan; 
scattered through it are varicolored angular bauxite 
fragments, some are bright orange, and locally a few 
are grayish kaolinitic clay fragments.

MINERALOGIC CHARACTER OF BAUXITE

The mineralogy of bauxite is now fairly well known, 
but many details require additional studies. The 
finely divided minerals in intimate mixtures in the 
bauxite rocks are not easily identified and require 
specialized methods of study. It is hoped that even 
tually an exhaustive mineralogic study will be made 
of the bauxite cores collected in the Arkansas field.

For the purpose of this report, optical studies of thin 
sections and polished sections and X-ray examination 
of prepared samples of typical bauxitic rocks have 
been made. These form the basis for the descriptions 
in the following paragraphs.

ALUMINUM MINERALS

GIBBSITE

This mineral, aluminum hydroxide, A1(OH) 3 , also 
written as the trihydrate of alumina, A12O3-H2O, is the 
principal aluminum ore mineral of Arkansas bauxite. 
It is present in two forms: the one crystalline or 
microcrystalline; the other cryptocrystalline so finely 
crystalline that it appears isotropic under the micro 
scope and for many years was thought to be an amor 
phous mineral.

The crystalline form occurs in microcrystalline 
aggregates or in minute crystals that generally line 
cavities. Under the microscope the crystals are seen 
to be colorless to pale brown, have a moderate relief, 
and between crossed nicols show a moderate bire 
fringence and inclined extinction. The crystalline 
form is particularly characteristic of granitic-textured

bauxite, and in this material many of the microcrystal 
line aggregates are pseudomorphous after feldspar 
(pi. 11Z7). It also is found in tiny veinlets cutting the 
"amorphous" form in pisolitic bauxite and as a cement 
ing material surrounding hard cherty pisolites in some 
sedimentary bauxite. There are, therefore, at least 
two generations of crystalline gibbsite. Crystals visible 
to the naked eye are rare. Tabular white gibbsite 
crystals, some as large as a millimeter across, were 
found in a veinlet in hard pisolitic bauxite at a depth 
of 434 feet in Alcoa drill hole X-258, in the NE#SE# 
sec, 36, T. 2 S., K. 14 W., Saline County. Similar 
masses of small crystals, some in clustered groups, 
were found lining cavities between cherty-looking 
pisolites and pebbles in stratified bauxite in the Harley 
pit mine, Pulaski County, and are shown in the photo 
graph on figure 24Z>, and the photomicrograph on figure 
25Z>.

The cryptocrystalline or so-called amorphous form of 
gibbsite is much more common than the crystalline 
variety. It forms most of the matrix and all the 
pisolites and rind structures of the bauxite, except 
where there are fragments or veinlets of the crystalline 
variety. In many places the two forms are intimately 
mixed. Under the microscope the cryptocrystalline 
form is moderately translucent to opaque, in places 
stained light yellow or red to dark-reddish brown; the 
relief is moderate. Between crossed nicols it appears 
isotropic, or is cloudy. This substance has been called 
cliachite by some authors (Rogers and Kerr, 1942, p. 
204) in the belief that it is a truly amorphous mineral 
in a colloidal state. Thermal and chemical analyses 
and X-ray studies indicate, however, that it possesses 
the chemical composition and crystal lattice of gibbsite. 
According to G. T. Faust (oral communication, 1949) 
differential thermal analyses of "amorphous" bauxite 
in United States deposits all show an endothermic 
peak at the temperature at which the trihydrate of 
alumina normally gives up its combined water of 
crystallization. Thousands of chemical analyses of 
the Arkansas ore, made at the field laboratory of the 
U. S. Bureau of Mines from the samples collected by 
the joint drilling program, indicate these samples, 
almost without exception, contain alumina and water 
in the same proportion as the trihydrate. X-ray exam 
ination by J. M. Axelrod of several samples of Arkansas 
bauxite yielded diffraction patterns, some of which had 
clearly defined gibbsite lines, others had diffuse ones.

An intimate relationship exists between the gibbsite 
and the finely disseminated iron oxides. Staining by 
iron oxide gives the bauxite its usual tan color and in 
part causes the opacity of many of the pisolites.
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FIGURE 26. Well-sorted stratified bauxite. 
Sawed face of core specimen (AB-7009-1) from 
upper bauxite bed in the Birnbach No. 1 ore 
body, USBM drill hole 7-009, depth 262.5 feet, 
SWHSEH sec. 2, T. 1 S., E. 12 W. Natural 
size.

BOEHMITE

The presence in hard cherty-looking pisolites in 
Arkansas bauxite of a hydrated aluminum oxide con 
taining less combined water than gibbsite was first 
noted by Wysor (1916). He pointed out that the water 
content in some of this material is as low as 14.58 
percent and the alumina content as high as 72.52 per 
cent and that the deviation from the normal ratio of 
34.6 percent of combined water to 65.4 percent of 
alumina as in gibbsite is about proportional to the 
hardness and specific gravity of the pisolites. He 
attributed this to the presence of diaspore (HA1O2 or 
A12O3-H2O) and the dihydrate "bauxite" which at that 
time was still considered to be a distinct mineral.

Another monohydrate of alumina was discovered in 
1925 by Boehm and named boehmite in 1926 by J. de 
Lapparent. It is the principal aluminum mineral in 
most of the European deposits. The high alumina 
content of some pisolites in the Arkansas deposits is 
due to boehmite. Its presence in Arkansas bauxite at 
two localities was noted by Alien (1946): "associated 
with Paleocene gibbsite in black pisolites in the Town- 
send 40 property, about 2 miles east of Bauxite; and 
near Berger, Pulaski Count}-." The mineral also has

FIGURE 27 Stratified bauxite resting on unstratified bauxite in the ±iu mia»j mine, 
Pulaski County. Prominent dark siderite bed in wall opposite man marks base 
of the stratified rock. Bauxite below is massive and pisolitic.

been identified in specimens from the following localities 
in Saline County by means of X-ray examination by 
J. M. Axelrod: in red bauxite containing black pisolites 
("birdseye ore") from the Section 16 mine near Bauxite, 
a trace only; in black cherty-appearing bauxite pebbles 
filling channels within the lower bauxite bed in the 
Fletcher mine; and in Alcoa drill hole C-603, depth 
406-410 feet, Hudspeth-Fletcher property, in the 
NWKSEK sec. 36, T. 2 S., R. 14 W., Saline County.

The material from the Alcoa drill hole C-603 first 
aroused interest because small flakes chipped from the 
hard dark pisolites were attracted by an alnico magnet. 
The pisolites, on analysis, showed a high alumina con-

EXPLANATION FOR FIGURE 25

Stratified bauxite specimens from Pulaski County. A, Bauxite cut by hard whitish kaolin veins. Bulk of rock consists of light and 
dark pisolites and pebbles in a brownish-gray gibbsitic matrix. Sawed face of hand specimen (AB-12-1) from upper part of 
bauxite bed in the Dixie Lease mine in the Ratcliffe deposit. B, Photomicrograph showing relations of kaolin and bauxite. 
Thin section (AB-12-1) is taken from specimen shown in A, cut from basal part just right of center. Most of one semiopaque 
pisolite and part of two dark opaque ones are shown, together with matrix of tiny opaque grains in microcrystalline gibbsite. 
Kaolinite (fc) is seen cutting pisolite, inserted between pisolite and matrix, and surrounding torn fragment of matrix (ra). 
X 9.5. C, Photomicrograph showing minute relations of kaolin and bauxite. View at higher magnification of part of thin 
section shown in lower left hand corner of B. Kaolinite (lighter color and low relief) cuts two dark pisolites and light grayish 
gibbsitic matrix. X 9.5. D, Dense opaque gibbsitic pisolites in a matrix of microcrystalline gibbsite and tiny dark gibbsitic 
fragments. Large gibbsite crystals protrude into two small cavities. Thin section (AB-11-1) from same specimen in figure 
24D. Spectrographic analysis given on p. 132. X 17.5.
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tent and a low ignition loss, as shown in the table below. 
The magnetic pisolites in sample 1 in the table below 
were brown to black with a vitreous luster, and the 
hardness ranged from 5 to 6 on the Mohs scale. Sample 
2 consisted chiefly of the matrix, together with frag 
ments of the softer light-colored pisolites. No magnetic 
material was present in sample 2.

Chemical analyses of magnetic pisolite samples and their matrix 
from Alcoa drill hole C-603, Saline County

[Analyses by U. S. Bureau of Mines field laboratory, Little Rock, Ark.]

Fe as Fe2O3

Ignition loss. 
Insoluble _ _ _

Pisolites Matrix

71. 0 52. 9
4.0
6. 0
1. 2

16. 6
1.2 
1. 4

8. 3 
2.0 
2.0 

29. 1
. 7 
. 2

1. Brown to black pisolites only, selected and cleaned.
2. Matrix material crushed, sieved, and separated in bromoform to eliminate heavy 

pisolites; analysis from +20 mesh 40 mesh, bromoform floats only.

Examination under the petrographic microscope has 
not revealed any recognizable crystalline boehmite in 
additional specimens from the localities at which it 
has been reported, so presumably, like much of the 
gibbsite, the mineral is in very finely divided form and 
further obscured by iron-staining.

KAO1INITE AND HALLOYSITE

The hydrous aluminum silicate (Al2O3-2SiO2-2H2O) 
kaolinite is one of the main impurities in Arkansas 
bauxite. It occurs abundantly in residual and sedi 
mentary deposits associated with the bauxite with 
which the kaolin intergrades, so that there are all 
degrees of mixture from fairly pure gibbsite rock to 
almost pure kaolin. Kaolinite, where present, occurs 
in white to gray masses of fine micaceous crystals 
in veins and veinlets cutting the bauxite, and as cavity 
fillings.

In thin section the mineral is transparent to trans 
lucent, appears finely granular, and has a low relief. 
Between crossed nicols it displays a weak birefringence. 
Much of it is in structureless masses or in plates and 
flakes without distinct outlines. Some is very finely

divided and appears isotropic. It also forms ver 
micular crystals or long accordionlike books, which in 
thin sections of bauxite have been observed to range 
in width from 0.005 to 0.7 millimeter. They frequently 
are contorted to fit the space they occupy and have a 
characteristic wavy extinction. The optical properties, 
chemical composition, and X-ray pattern of some 
vermicular crystals, taken from kaolin seams cutting 
bauxite in the Old Globe mine near Bauxite, have been 
given in a fundamental paper on the kaolin minerals 
by Eoss and Kerr (1930, p. 162-164, 166, 173, pi. 
42A), to which the reader is referred. At this locality 
the crystals are associated with a beidellitelike clay, 
of a dark color and a high birefringence, which com 
pletely disperses in water, whereas the kaolin does not.

Kaolinite is absent or rare in much of the granitic- 
textured bauxite, but in some specimens it fills spaces 
between microcrystalline gibbsite pseudomorphs after 
feldspar and also occurs in veinlets and cavities in 
the rock. In pisolitic bauxite, kaolinite usually fills 
veinlets and cavities in the matrix; less commonly it 
occurs in tiny veinlets that cut pisolites, or it fills their 
interiors.

The upper part of many bauxite deposits has a hard 
siliceous cap and in a few alluvial deposits spaces be 
tween the pisolites and pebbles near the top of the 
bauxite are filled with a light to dark-gray or brown 
cherty-looking substance that fractures conchoidally, 
which some geologists have called "halloysite." Under 
the microscope, however, this substance appears to be 
kaolinite, commonly in long contorted wormlike 
crystals. Some of it is shown in the photograph of a 
hand specimen from the stratified bauxite bed in the 
Dixie Lease mine, Pulaski County (fig. 255). In this 
specimen the clay mineral fills cavities and surrounds 
and cuts pisolites and their gibbsitic matrix, as shown 
in the photomicrographs in figure 255, C. An X- 
ray examination of a small fragment of this material 
by J. M. Axelrod confirmed its identity as kaolinite.

Halloysite has been identified by F. A. Hildebrand, 
by means of the electron microscope, in several samples 
of clay and bauxite collected by him from outcrops 
(fig. 28A-D). He reported that some of the clay beds

EXPLANATION OF FIGTJKE 28

Electron micrographs of Saline County bauxite and clay specimens. A, Kaolinite in kaolinized nepheline syenite from beneath 3 
feet of sand and clay of Wilcox age in a small creek (since covered by waste pile) at the southwest end of Echo Lake, SW^SE% 
sec. 35, T. 1 S., R. 14 W. Other specimens from the same outcrop show halloysite in small amounts. B, Halloysite in kao 
linized nepheline syenite from the crest of the east wall of the Old Globe mine, west center of sec. 26, T. 2 S., R. 14 W. A few 
small hexagonal plates of kaolinite can also be seen. The kaolinized surface lay beneath several feet of ferruginous sand of Wilcox 
(Detonti?) age that had been stripped off during mining. C, Halloysite and kaolinite from the outer shell of a kaolinized spheroidal 
"boulder" in the east wall of the Elrod open-pit mine, NWKNWJ4 sec. 2, T. 2 S., R. 14 W. The weathered "boulder" was about 
3 feet in diameter. D, Halloysite in granitic-textured bauxite from a 4-inch block or "cobble" of granitic-textured bauxite col 
lected near the north end of a large outcrop of pisolitic bauxite near Echo Lake, east section line, NE% sec. 2, T. 2 S., R. 14 W. 
Photomicrographs by F. A. Hildebrand.
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FIGURE 28.
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contain as much as 50 percent of this mineral. This 
is the first positive identification of halloysite in the 
bauxitic rocks of the region.

IRON MINERALS

SIDEEITE

The principal iron impurity in the bauxite is siderite, 
ferrous carbonate (FeCO3), which is widely distributed 
in the bauxite. Three principal modes of occurrence of 
this mineral have been observed: in grains, crystals, 
and crusts lining and filling cavities; in masses re 
placing part of the bauxite; and in small spherulitic 
pellets or aggregates scattered through the bauxitic 
and kaolinitic clay associated with the bauxite deposits.

The granular form is reddish brown to amber, but 
locally has a purplish irridescence, particularly where it 
forms botryoidal crusts as much as 3 millimeters thick. 
Incrustations and stalactitic aggregates were found in 
large cavities, during the mining of the pisolitic ore in 
the Stuckey mine at Bauxite. Scattered crystals are 
found in cavities. These crystals are usually distorted 
rhombohedrons with curved faces but more rarely are 
scalenohedrons terminating in pinacoid faces that look 
like broken dog teeth. Most abundant of all are the 
grains and granular aggregates that in places fill every 
available vug and cavity in the bauxite and locally 
cement pisolites. Under the microscope the mineral 
appears principally in grayish clusters of anhedral to 
subhedral grains. In a thin section of stratified 
bauxite it is the principal cementing material between 
pisolites. The aggregates and grains are surrounded 
by irregular areas of brown to black iron oxides that 
appear flat and opaque in contrast to the siderite. The 
index of refraction of granular material from an in 
crustation was determined by C. S. Koss to be co= 
about 1.85.

The granular siderite is irregularly distributed 
through the bauxite. Although not characteristic of 
any particular zone, it generally is more common in 
the middle and lower parts of the bauxite section and is 
rare in the siliceous hardcap. It is found, however, in 
all lithologic types of ore and also is associated with 
lignite bodies and layers in the bauxite, occurring 
between the carbonaceous material and the bauxite. 
In the Kummel mine in Pulaski County a lenticular 
siderite bed occurs in the bauxite that apparently is the 
lateral extension upslope of a lignite bed.

At some localities siderite has invaded and replaced 
the original bauxite, as indicated by relict concretionary 
structures of the bauxite preserved in siderite. Ex 
amples of this replacement were found in drill cores 
from the East Bauxite deposit in sec. 36, T. 2 S., R. 14 
W. and in the South Harris deposit in sec. 36, T. 1 S., 
R. 14 W.

Small pellets of siderite are abundant in the frag- 
mental kaolinitic clay underlying bauxite deposits and 
in residual clay derived from the weathering of nepheline 
syenite and of sedimentary deposits of the Wills Point 
formation. They are not common in bauxitic clay asso 
ciated with the deposits and are rare in the bauxite. 
The pellets are white, pink, or tan, becoming red to 
brownish red on continuous exposure to the air, and are 
scattered or aggregated in layers or patches in the clay. 
They are spheroidal or nearly so, and range in size from 
less than 1 to 4 millimeters in diameter, but generally 
average between 1 and 2 millimeters. Under a hand lens, 
the interiors appear structureless, but most pellets are 
radiating or concentric. According to C. S. Eoss (writ 
ten communication, 1942) the index of refraction for 
the siderite concretions is omega =1.845, which corre 
sponds to about 88-90 percent FeCO3 . In thin section 
the pellets appear to be irregularly concentric near the 
outer edge, but within are spherulitic and show a well- 
defined polarization cross between crossed nicols. Some 
contain radially arranged grains, each with separate 
extinction.

HEMATITE

A relatively minor constituent of Arkansas bauxite, 
hematite (Fe2O3) constitutes a significant part of the 
heavy magnetic fraction in 3 of the 10 bauxite specimens 
submitted to J. M. Axelrod for mineral determination 
by X-ray analysis. A trace of this mineral was noted in 
a fourth sample. The specimens containing hematite 
were from Saline County deposits residual on weathered 
nepheline syenite. They included the granitic-textured 
and pisolitic varieties of bauxite, and generally were dis 
tinctly red, but one specimen was a black chert y- 
looking bauxite gravel from a Saline County channel- 
fill deposit. Hematite was also detected by X-ray 
examination in red high-iron pisolitic bauxite in deposits 
overlying the Wills Point formation in Saline County. 
In this rock the hematite generally is associated with 
goethite and magnetite.

Optical and X-ray data show that hematite is inti 
mately associated with gibbsite on some of the larger 
crystals of which it forms a coating. Pink to red tones 
in bauxite are generally the result of staining by 
hematite.

Another form of iron oxide was found in two of the 
same specimens that contained hematite. This was 
identified by comparison with data in the American 
Society for Testing Materials card file as 6-Fe2O3, a sub 
stance hitherto unknown in nature. It apparently 
occurs as a black opaque mineral in the magnetic frac 
tion heavier than methylene iodide. Samples contain 
ing this unknown mineral have been retained by the 
Geological Survey for further study.
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GOETHITE

In nearly all Arkansas bauxite is a disseminated yel 
lowish-brown earthy material that has been identified 
as limonite. It is a common oxidation product of siderite 
in the bauxite and surrounds partly altered siderite 
grains in many thin sections. It also occurs on bauxite 
in pit faces as a black thin encrustation, which has a yel 
lowish-brown streak. X-ray examination at the labora 
tories of the Geological Survey has shown that this ma 
terial is composed of the mineral goethite (Fe2O3-H2O 
orFeO(OH)).

This finely disseminated hydrous iron oxide probably 
causes the tan color of much of the bauxite. In high- 
iron bauxite deposits it has been found in association 
with hematite, but more commonly where one is present 
the other is absent, or at least occurs in small quantity.

Limonite is now used only as a rock term for certain 
of the hydrated iron oxides. X-ray studies have shown 
that the only two hydrated iron oxide minerals are 
goethite and lepidocrocite. Both are monohydrates but 
differ in crystal structure. Limonite is goethite that 
contains a small quantity of water by absorption. 
Lepidocrocite has not been found in bauxite (De Weisse, 
1948, p. 145).

MAGNETITE (AND MAGHEMITE?)

Magnetite is absent in most Arkansas bauxite 
deposits. Forms of ferruginous pisolitic bauxite, how 
ever, particularly those of a distinctly red type, are 
slightly to moderately magnetic. Cores of this material 
can be rolled along a flat surface such as a table top 
by means of their attraction to an alnico magnet. 
Investigation has shown that the pisolites contain 
most of the magnetic material. The association of 
boehmite with magnetic pisolites has been mentioned 
on page 85. Studies by Charles Milton and his associ 
ates of the Geological Survey have established magne 
tite (FeFe2O4) as the principal magnetic mineral, but 
have not yet excluded maghemite (T-Fe2O3) as a 
possible source of part of the magnetism.

Red pisolitic bauxite containing slightly magnetic 
pisolites (specimen AB-80-1; fig. 15-4), from the Section 
16 mine, was examined in thin and polished section. A 
magnetic substance, a black opaque mineral with the 
optical properties of magnetite, was scattered through 
the pisolites in small irregular grains. X-ray examina 
tion by J. M. Axelrod of several of these grains, re 
moved from the polished section, indicated that the 
material is magnetite in association with hematite 
and a little gibbsite.

Chemical tests for ferrous and ferric oxide were 
made on red high-iron bauxite obtained in a drill hole 
on the Federal housing project at Pine Haven, Saline

FeO _ _-
FejOs--   -     -      

i

8. 26
50. 34

Samples

2

9. 08
64. 31

3

7 QQ
61. 58

County. The results of the analyses are given in the 
table below.

Chemical determination of ferrous and ferric oxide content, in 
percent, of the magnetic iron mineral in red ferruginous pisolitic 
bauxite samples from Pine Haven, Salim County

[Analyst, M. L. Lindberg; samples prepared by Charles Milton and J. M. A xelrod]

1. Black to brown heavy opaque magnetic residue obtained by crushing red fer 
ruginous bauxite (specimen AB-901-1) and hand picking with the aid of a, strong 
magnet.

2. Part of same material after boiling in nitric acid to remove any siderite present.
3. Same as sample 2 but rubbed between glazed paper to remove any soft material 

on the surface of particles and grains.

Samples 2 and 3 indicate that nearly a third of the 
material is magnetite, which probably is interg^own 
with hematite containing small amounts of impurities.

Secondary origin of magnetite in the bauxite is 
indicated by its concentration locally in red ferruginous 
bauxite, and its occurrence principally in small lobate 
branching masses in pisolites and in dissemirated 
particles in pisolites and matrix.

PYRITE

The iron sulficle mineral in the bauxite has been 
identified by optical and X-ray examination to be 
pyrite (FeS2). In the upper or middle parts of bauxite 
deposits pyrite occurs as a replacement of siderite. 
In a specimen of pisolitic bauxite from the East Bauxite 
deposit the pyrite occupies the large central part of 
pisolites and is scattered in small irregular grains and 
blebs through the bauxite matrix. A polished speci 
men of this rock was examined by Charles Milton 
who reported that no marcasite is present.

Pyrite occurs in the hardcap and kaolinitic overclay 
above pisolitic bauxite, and in some places as small 
cubic crystals. It is abundant in the carbonaceous 
beds overlying bauxite deposits where it generally is 
associated with siderite.

TITANIUM MINERALS

IIMENITE

A minor accessory mineral in the nepheline syenite 
rocks, ilmenite (FeTiO3) is a characteristic res: dual 
mineral in all types of bauxite deposits, where it nor 
mally alters to anatase. Ilmenite also occurs ir the 
fragmental kaolinitic clay that consitutes a large part 
of the bauxite-kaolin facies of the Berger formation. 
It is scattered evenly throughout the clay, a little more 
profusely in the lower part; in places it is concentrated

452763 5£
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in streaks and small channels and it is locally abundant 
at the base of channels filled with bauxite gravel or 
kaolinitic clay debris, at the top of the bauxite-kaolin 
facies. This mineral occurs as dark-gray to black 
metallic subhedral to euhedral grains, or in the form of 
skeleton crystals. Ilmenite was also identified by 
X-ray analysis in several bauxite and clay specimens.

SPEENE

One of the minor accessory minerals in the nepheline 
syenite, sphene (CaTiSiO5) is rare or absent in the 
bauxite and kaolin deposits, except as relict crystals 
that have been altered to anatase. The alteration may 
be so complete that none of the original mineral re 
mains, but the characteristic crystal form of pseudo- 
morphs indicates its former presence. Of 10 bauxite 
samples submitted for X-ray analysis, sphene was 
detected in only one, and the pattern was inconclusive. 
Sphene has been reported in thin sections from a single 
drill core from Saline County by Frederiekson (1948, 
p. 374).

ANATASE

An earthy dark-yellowish- to reddish-brown mineral 
has replaced sphene in many parts of the bauxite. 
The granitic-textured bauxite contains abundant relict 
skeletal sphene crystals with characteristic wedge- 
shaped cross sections that are replaced by anatase (pi. 
10(7). Cavities in these relict crystals contain gibbsite. 
The same brownish titanium mineral coats grains and 
crystals of ilmenite in the bauxite, or occurs in scat 
tered masses and specks. It is whitish in reflected 
light, and exhibits other optical properties characteristic 
of leucoxene. In all samples of Arkansas bauxite 
examinated by X-ray methods J. M. Axelrod identified 
this titanium mineral as anatase, one of the polymorphs 
of TiO2 . It is the most common titanium mineral in 
all the bauxite samples examined.

Anatase is widespread likewise in kaolinitic rocks. 
Two minerals that appeared to be titaniferous altera 
tion products were found in a gray fragmental clay 
overlying the Wills Point formation in USBM drill 
hole 6-139 (depth, 349 feet), beneath the Bates de 
posit, Pulaski County. Samples were submitted to 
J. M. Axelrod for X-ray analysis and to J. J. Glass 
for petrographic examination. The first was a yellow 
ish-brown earthy mineral with a high index of refrac 
tion and birefringence, in the shape of relict sphene 
crystals and fragments of crystals. X-ray examina 
tion showed this mineral to be anatase. The second was 
a very dark gray, fine grained, soft, homogeneous sub 
stance, opaque under the microscope, in the form of 
skeletal crystals as much as 5 millimeters across. 
X-ray examination disclosed both anatase and ilmenite. 
The color of the anatase apparently depends on the

mineral after which it is pseudomorphous; yellowish 
brown after sphene and dark gray after ilmenite.

Bramlette (1936, p. 17) prepared a concentrate of 
the yellowish-brown mineral of very high refractive 
index that replaces sphene, and had a chemical analysis 
made which is reproduced in the following table:

Analysis of titanium mineral in bauxite

[Analyst, Charles Milton]
Percent

Titanium oxide (TiO2)__________________________ 77.24
Alumina (A12O3)______________________________ 6. 73
Iron oxide (Fe2O3)--_------____________________ 4. 83
Phosphate (P3O5)__________________________ . 93
Silica (SiO2)_________________________________ . 84
H2O below 110°C (H2O-)_  ____________________ 2. 07
H2O above 110°C (H2O+)__________________________ 7. 57

100. 21

At least part of the A12O3 and Fe2O3 is attributed to 
the impurities in the concentrated sample, as these con 
sisted of gibbsite and ilmenite, but Bramlette also sug 
gested that part of these sesquioxides and the P2O5 
are due to solid solution in the hydrous titanium oxide. 
He identified the titanium mineral as xanthitr.ne.

According to Fronclel in Palache, Berman, and 
Frondel (1944, p. 587) xanthitane, xanthotitane, and 
hydrotitanite are identical with aiiatase, as determined 
by X-ray powder study. Leucoxene is novr regarded 
as a general term for the dull, fine-grained, gray or 
yellowish-brown alteration products of titanium min 
erals. Leucoxene consists, in most examples of rutile, 
and less commonly of anatase or sphene (Frondel in 
Palache, Berman, and Frondel, 1944, p. 560).

Frederiekson,2 by means of X-ray analysis, identified 
a yellow earthy-appearing alteration product of ilmenite 
in bauxite from a drill core from Saline County as 
brookite.

RTTTIIE

This form of TiO2 is a scarce accessory mineral in 
bauxite. Rutile was identified by means of X-ray 
analysis in 3 of 10 bauxite specimens submitted to 
J. M. Axelrod for heavy-mineral determinations by 
this method. It generally is associated witl ilmenite, 
anatase, and zircon. These three specimens and those 
in which it was earlier identified in the heavy-mineral 
studies of Bramlette, according to his unpublished 
notes, are all from the upper parts of th°, pisolitic 
bauxite, including hardcap, in low-level deposits as 
sociated with the Berger formation. Mineralogic 
study of much more material will be needed to deter 
mine whether rutile actually is limited to these deposits. 
Bramlette (1936, p. 16) suggested that inrsmuch as

2 Frederiekson, A. F., 1948, The mineralogy of a drill core of Arkansas bauxite: 
Unpublished Doctor of Science thesis, Massachusetts Inst. Technology, p. 374.
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rutile is one of the common accessory minerals in the 
adjacent Wilcox sedimentary rocks, it may have 
entered the bauxite by reworking of the upper pisolitic 
bauxite with the overlying Eocene sedimentary de 
posits. If rutile is characteristic of the entire Wilcox 
formation, it might be expected locally in the upper 
parts of any of the deposits, and in the lower parts of 
others.

MINOR ACCESSORY MINERALS

CHLORITE

A chloritic mineral in hexagonal platy crystals is 
found in parts of the district. Chlorite is a common 
accessory mineral in the East Bauxite deposit where it 
is associated with siderite in the middle and lower parts 
of the low-silica pisolitic bauxite. The mineral was 
identified from USBM drill holes 16-048 (depth, 455.2 
feet), USBM 16-050 (depth, 449 feet), and USBM 16- 
052 (depth, 473 feet). X-ray analysis by J. M. Axelrod 
identified the mineral in these samples as very close 
to, or identical with chlorite. The mineral also was 
recognized by X-ray analysis in a block of granitic- 
textured bauxite ("sponge ore") from the Middle 
Maud mine near Bauxite. Lack of sufficient compara 
tive data on minerals of the chlorite group precluded 
a more positive identification by X-ray methods.

Material from USBM drill hole 16-052 was selected, 
cleaned, and examined under the petrographic micro 
scope by Charles Milton and also by J. J. Glass. The 
pale green minute hexagonal plates were found to be 
optically negative, 2V=0°. It has a low birefringence; 
|8 and 7 near 1.660. The optical properties thus agree 
with those of chlorite.

CHAMOSITE

This chlorite mineral, a hydrous iron magnesium 
aluminum silicate, 15(Fe,Mg)O-5Al2O3 -HSiOo.l6H2O, 
was identified from its optical characteristics by Charles 
O. Milton and from an X-ray analysis by J. M. Axelrod. 
It was found in a core from an Alcoa drill hole (C-614) 
at a depth of 472 feet in the NE^SE^ sec. 36, T. 2 S., R. 
14 W., Saline County. The core sample came from the 
basal foot of the Hawkins bauxite deposit, 9 feet below 
the bottom of the minable ore, and probably 10-15 
feet above the top of the Wills Point formation. The 
enclosing rock is a reddish-brown highly ferruginous 
fragmental pisolitic bauxite. The matrix is hard and 
contains dark-brown limonite nodules, bluish-green 
veinlets of siderite and scattered brown siderite frag 
ments. The chamosite is in clusters of minute green 
acicular crystals lining small cavities. Concerning these 
crystals Milton reported as follows (written commu 
nication, 1944):

The identification was based on the optical characters, a bit 
hazy on account of the extremely small size of the crystals, and

on a good X-ray pattern; both of which agree well with those of 
another chamosite I identified for Dr. Ross two years ae;o, a 
bauxite from Mississippi (D-1476). Gibbsite and siderite 
accompany the chamosite in both occurrences; in your bauxite 
the siderite forms large colorless crystals, with excellent cleavage; 
the gibbsite occurs in glistening druses and coatings on the 
pisolites. Also present are pyrite, and magnetite (or maghe- 
mite?) this being a constituent of the black pisolites. Lastly, 
filling cavities, is a white snow-like mass, composed of microscopic 
plates of kaolinite.

ZIRCON

This mineral, (ZrSiO4), was cited by Mead (1915, p. 
44) as a characteristic heavy accessory mineral in 
Arkansas bauxite, "occurring in a variety of crystal 
forms and varying in color from white to dark brown 
through shades of yellow." Zircon has been identified 
optically by M. L. Lindberg and through X-ray 
analysis by J. M. Axelrod in 8 of 10 bauxite and baux- 
itic clay specimens. These analyses indicate that the 
mineral is present in the upper concretionary part of the 
residual deposits near Bauxite, both in blocks of 
granitic-textured "sponge ore" and in the surrounding 
pisolitic rock; in pisolitic bauxite in colluvial deposits 
near the buried edge of the Midway sediments; and in 
hard kaolinitic matrix rock associated with bauxite 
pebble layers of Berger age.

The presence of zircon in the bauxite is puzzling, 
because it has never has been identified in the under 
lying nepheline syenite. According to Frederickson 3 
who studied exhaustively a single drill core from the 
Northern mine in Saline County, zircon crystals are 
found only within pisolites. The crystals are well 
formed in red unleached pisolites containing gibbsitized 
feldspar remnants, and have corroded, irregular out 
lines in pisolites that have been leached by^Jater 
solutions. Bramlette (1936, p. 16) attributed the 
presence of zircon in the pisolitic upper part of the 
bauxite and its absence in the granitic-textured lower 
part of residual deposits to a certain amount of rework 
ing or mixing of the upper pisolitic bauxite with the 
overlying Eocene deposits in which zircon is a con~mon 
accessory mineral.

Where present in the ore, zircon generally represents 
less than 4 percent of the minerals denser than meth- 
ylene iodide. Unpublished notes of Bramlette, how 
ever, indicate that in a bauxite outcrop along the Wills 
Point and Berger contact in the NW%SW% sec. 12, 
T. 1 S., R. 13 W., zircon constitutes about 18 percent of 
the heavy accessory minerals. The writers believe the 
low-grade bauxite in that area has been derived fror1 the. 
Tertiary formations.

BARITE
A rare secondary mineral in the bauxite, barite 

(BaSO4) was noted first by Mead (1915, p. 44) in the

s Frederickson, A. F., op. cit., p. 376.
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Arkansas deposits. Abundant well-formed crystals, 
as much as 2.5 centimeters in length, were found in 
vugs and cavities in pisolitic bauxite mined in 1944 in 
the Stuckey mine at Bauxite. Many of the cavities in 
the ore were lined with beautiful variegated botryoidal 
crusts of siderite to which the platy bundles of barite 
crystals were attached.

OTHER MINERALS

Fluorite and the rare feldspar celsian were both re 
ported by Mead (1915, p. 44) among the accessory 
minerals in Arkansas bauxite. They have not been 
found in the present study. Tourmaline, kyanite, and 
garnet were mentioned by Bramlette (1936, p. 16) as 
characteristic of the Wilcox and as being reworked 
locally into the upper pisolitic part of the bauxite. 
Unpublished field notes of Bramlette show that tour 
maline and kyanite, as well as zircon, rutile, and magne 
tite were present in bauxite collected from the outcrop 
in the NW^SWK sec. 12, T. 1 S., R. 13 W., Pulaski 
County.

REMARKS ON PARAGENESIS

As bauxite is an alteration product derived from the 
weathering of other rocks, and as the minerals are not 
completely known owing to their finely divided state, 
only limited conclusions regarding paragenesis of the 
minerals in bauxite can be drawn at the present time.

Gibbsite, in the microcrystalline or finely crystal 
line state, appears to be the earliest primary mineral in 
residual Arkansas bauxite. Most of it was derived 
from the alteration of feldspar in nepheline syenite, 
the outlines and details such as cleavage are preserved 
in some places to a remarkable degree in the micro- 
crystalline gibbsite aggregates. Most of the nephe 
line and analcime in the nepheline syenite apparently 
were leached out, though no doubt they were a source 
of gibbsite. Primary iron oxides, probably goethite or 
hematite, or both, were derived largely from the altera 
tion of ferromagnesian silicate minerals and of mag 
netite. Anatase, derived principally from the altera 
tion of sphene and partly of ilmenite, was formed 
contemporaneously with gibbsite and the primary iron 
oxides in granitic-textured bauxite. Whether kaolinite 
and other clay minerals were present in primary 
bauxite is not known, but if so, they probably are in a 
very finely divided state and cannot be distinguished 
satisfactorily from finely divided gibbsite or from kao 
linite that was introduced much later.

In the formation of pisolitic bauxite from the granitic- 
textured variety the crystalline form of gibbsite was 
changed to the cryptocrystalline form. A late stage 
in the formation of pisolites resulted in the loss of part 
of the water of crystallization of the gibbsite and the 
formation in places of boehmite. The local association

with the boehmite of a magnetic iron mineral (mag 
netite, and possibly maghemite) indicates a secondary 
origin for the iron mineral. Presumably magnetite 
could have formed from the primary iron oxides in the 
bauxite reacting to the same changes in physical chemi 
cal conditions that produced the boehn:ite. The 
magnetic iron mineral is present only in pisolites and 
therefore is not likely to be residual from the nepheline 
syenite.

Residual accessory minerals in bauxite derived from 
the nepheline syenite include ilmenite, sphene, fluorite, 
and celsian; the last three are rare. Heavy accessory 
minerals in parts of some bauxite deposits, believed to 
indicate mixture with or derivation from other Tertiary 
deposits are zircon, rutile, magnetite, tourmaline, 
kyanite, and garnet.

As zircon has not yet been found in Arkansas nephe 
line syenite or in granitic-textured bauxite in the lower 
part of residual deposits, its presence in the bauxite 
as a residual accessory mineral appears doubtful.

Late secondary minerals formed in small cavities, 
cracks, and fissures in the bauxite include finely 
crystalline gibbsite, chamosite, chlorite, kaolinite, 
siderite, pyrite, and barite. Secondary gibbsite nearly 
always is older than kaolinite, but in two thin sections 
was seen along tiny veinlets and lining cavities in second 
ary kaolinite. Chamosite, in the single core specimen 
in which it was found, occurs in tiny radiating needle- 
like crystals in cavities lined with thin crystalline druses 
of gibbsite; in several cavities powdery flakes of second 
ary kaolinite cover the chamosite clusters. Chlorite 
crystals occur in clusters scattered through the matrix 
of pisolitic bauxite and lining cavities in which brown 
siderite crystals formed later. Kaolinite ard siderite 
were formed contemporaneously, but siderite in most 
places fills the central parts of cavities. Pyrite most 
commonly replaces siderite in cavities, along veinlets, 
and rarely within pisolites. In some cavities tiny cubes 
of pyrite are attached to siderite crystals. In speci 
mens from the Stuckey mine barite crystals ar^ attached 
to botryoidal crusts of siderite; pyrite is assoc; ated with 
siderite crusts and stalactitic structures in other speci 
mens. Alteration of siderite and pyrite to limonite 
(goethite) is seen in many bauxite exposures and appears 
to be largely related to weathering much later than that 
in Eocene tune.

Limonitic and other encrustations are forming 011 
bauxite faces in pit mines at the present time. The 
mine waters that circulate through the bauxite have a 
high content of CO2 and sulfuric acid, derived from 
pyritiferous lignite beds and chocolate-brown silty clay 
in the overburden. These waters deposit yellowish- 
brown limonitic crusts in standing pools and on the 
faces of pit mines. Crusts as much as one-eighth inch
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thick have been noted on surfaces that have been ex 
posed for less than a month. A whitish efflorescent 
mineral, possibly melanterite, is formed on some pit 
faces. It has a bitter astringent taste and is soluble in 
water.

CHEMICAL FEATURES

COMPOSITION OP MINERAL CONSTITUENTS

The characteristic mineral constituents of the bauxite, 
including some that are present in very small amounts, 
are listed in the table below together with their chemical 
composition and the calculated theoretical percentage 
of their principal oxides. The chemical constituents of 
bauxite are discussed in following paragraphs.

Minerals found in Arkansas bauxite, their chemical composition, 
and theoretical percentage of principal o.:ides

Mineral

Gibbsite- 
Boehmite__- 
Kaolinite___ 
Siderite_  __

Ooethlte  .
Ilmenite.___

Zircon. __ _

Chemical composi 
tion

AI2O 3.3H2 O-..____
AbOs-HjO. ...____
Al2 O 3.2Si2 O.2H20. 
FeCOs.       -
Fe2O 3 -------------
Fe2O 3-H2O__-  .
FeTiOs---   -  -
TiOs-       -
TIO 2 -       - 

Oxides

H20 

34 fi
15.0
14.0

10 1

COj

37 9

A12 O 3 

65.4
85.0
39.5

SiO 2

46.5

32.8

Fe2O 3

166.6
89.9

FeO

62.1

TiO 2

100.0
100.0

ZrO 2

67.2

SILICA

Nearly all the silica in Arkansas bauxite is combined 
with alumina and water in kaolinite. The other silicate 
minerals such as zircon, chamosite, and celsian that have 
been identified in Arkansas bauxite are rare and occur 
only locally.

Silica does not occur in the free state in residual baux 
ite deposits. Mechanically admixed quartz sand and 
silt are found in some conglomeratic bauxite deposits, 
but normally the kaolin and the bauxite are quartz-free. 
As the bauxite grades into kaolin, the silica content may 
range from a fraction of 1 percent to more than 40 per 
cent, depending upon the amounts of other impurities 
present.

ALUMINA AND "AVAILABLE ALUMINA"

Alumina in the bauxite occurs in the hydrated form 
(as gibbsite and rarely as boehmite) and also combined 
with silica (in kaolinite). Rarely does the alumina con 
tent approach within 1 percent of the 65.4 percent pres 
ent in pure gibbsite and only locally does it exceed that 
figure where the monohydrate of alumina is present. 
As the content of kaolinite in the bauxite increases the 
alumina content decreases to a minimum of 39.5 percent 
provided no other impurities are present.

In the Bayer process for the extraction of alumina 
from bauxite the rock is crushed and heated in a solution 
of sodium hydroxide (caustic soda). The alumina in 
gibbsite dissolves readily in this solution but a certain

proportion of the alumina in kaolinite cannot be freed. 
Empirical data from alumina plants indicate that for 
every pound of silica in the bauxite, 1.1 to 2 pounds of 
alumina are lost (Edwards and Mason, 1930, p. 327). 
This alumina therefore is not available for extraction. 
The remainder which goes into solution and can b^ re 
covered is known as the "available alumina." As the 
amounts that can be extracted vary in different plants, 
the value of the constant applied to determine available 
alumina varies from one company to another. During 
World War II the Federal agencies concerned with the 
problems of bauxite production used the factor of 1.1 
times the silica content of a sample subtracted from the 
alumina content to determine available alumina. This 
value for available alumina has been used in this report. 
As available alumina is based upon actual milling experi 
ence it is a useful measure for grading bauxite, exclusive 
of iron content. For the purposes of the present study 
32 percent available alumina was taken as the lower 
limit of metal ore in the Arkansas bauxite region.

IRON OXIDES

Ferrous iron occurs in Arkansas bauxite largely in 
siderite, the common secondary iron carbonate. This 
oxide occurs also in ilmenite, magnetite, and chamosite; 
the last two minerals are rare constituents of the baux 
ite. Ferric iron occurs in goethite, the principal mineral 
constituent in limonite, and in hematite, magnetite, and 
chlorite.

In all analyses of the drilling program in Arkansas, 
the total iron content is recorded as Fe2O3 . The ferrous 
ion as FeO has been recorded in a column to the right of 
those listing the other chemical constituents. Thus the 
FeO content appears twice in each analysis record, as 
part of the ferric oxide content and also as ferrous oxide. 
The chemical analyses recorded in this report, therefore, 
constitute 100 percent if the FeO column is excluded.

Malamphy and others (1948, v. 1, p. 55) averaged a 
great many bauxite analyses to determine the no"inal 
content of hydrated iron oxides and iron carbonate. 
The samples analyzed were mostly cored specimens 
from low-lying bauxite bodies under considerable cover 
of overburden, described as type 2 deposits later in this 
report. Comparison of ferrous and ferric iron content in 
these samples indicated a fairly constant ratio of about 
80 percent siderite to 20 percent limonite, if it were as 
sumed that the iron was present almost exclusively as 
these two substances. In samples containing more than 
15 percent total Fe expressed as Fe2O3 there usually is a 
higher proportion of ferric iron, or relatively more 
limonite than in the 80 to 20 ratio given above.

TITANIA

In Arkansas bauxite titania occurs commonlv as 
anatase, less commonly as ilmenite, and rarely as ritile.
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In granitic-textured bauxite a small amount may be 
present as sphene, but this mineral most commonly is 
completely altered to anatase in bauxite and in kaolin. 
An average TiO2 content of 2.8 percent in bauxite was 
determined from a large number of analyses (Thoenen, 
Malamphy, and Dale, 1945, p. 11). Most of the 
samples studied were from low-level type 2 deposits. 
TiO2 content as high as 8 percent was recorded locally 
in some of these deposits.

No high-level residual bauxite (type 1) deposits were 
delimited by the drilling program, but from examina 
tion of analyses in company files it appears that they 
have a lower average TiO2 content than the type 2 
deposits. An average TiO2 content of 1.8 percent was 
calculated for 41 analyses of fairly high grade bauxite 
selected as examples and cited later in this report in 
the section describing the type 1 deposits.

In some of the bauxite gravel (type 3) deposits a local 
mechanical concentration of the heavy titanium-bear 
ing minerals has occurred. One of the mine operators, 
P. H. Dulin (oral communication, 1944), reported 
several analyses of samples collected in the Eeichardt 
shaft mine in Pulaski County in which TiO2 content 
was as high as 19 percent. A sample from a bauxite 
gravel lens in the Stuckey pit in Saline County was 
reported to analyze ] 3 percent TiO2 .

INSOIAJBI/E MATTER

In the triacid method of chemical analysis a small 
residue is left which does not go into solution in the tri 
acid digestion and which is not volatilized when ignited 
with hydrofluoric acid. The insoluble material repre 
sents minor impurities in the original sample. Analysis 
showed that it consists principally of aluminum sili 
cates, with perhaps some iron and titanium minerals 
(Malamphy and others, 1948, v. 1, p. 52). Averages of 
many analyses indicated that 1.3 percent of the bauxite 
analyzed consists of acid-insoluble material (Thoenen, 
Malamphy, and Dale, 1945, p. 10).

COMBINED WATER AND CARBON DIOXIDE

During ignition at high temperature (Malamphy and 
others, 1948, v. 1, p. 51) several of the constituents of 
the bauxite are volatilized. These include the com 
bined water of crystallization of hydrated alumina and 
iron oxides, and the carbon dioxide in any carbonate 
and carbonaceous matter present. A small and negli 
gible amount of water is also present as adsorbed water 
in several minerals, such as goethite and anatase.

The loss of weight of the bauxite sample as the result 
of ignition is reported as the "loss on ignition." Despite 
the fact that it includes several constituents hi varying 
amounts, determination of the loss on ignition, coupled 
with a lithologic examination of the bauxite sample, 
will permit a reasonably close estimate of its grade. If

partial analyses of the rock are available the amount of 
alumina present can be calculated fairly closely.

For practical purposes the combined water in Arkan 
sas bauxite can be attributed to three principal minerals: 
gibbsite (A12O3 -3H2O), kaolinite (Al2O3 -2SiO2 -2H2O), and 
goethite (Fe2O3-H2O). Similarly, carbon dioxide is 
attributed to siderite (FeCO3). Calcium carbonate 
and carbonaceous matter, which also contain CO2 , are 
present only in very small quantities or are concen 
trated locally.

Thoenen, Malamphy, and Dale (1945, p. 5) found, 
on averaging many bauxite analyses mostly from low- 
level (type 2) bauxite deposits, that in bauxite containing 
less than 15 percent total Fe expressed as Fe2O3 , the iron 
oxide content multiplied by 0.38 is about equivalent to 
the amount of loss on ignition of the iron minerals. 
This product represents the part of the ignition loss that 
can be attributed to the CO2 content of siderite and the 
combined and adsorbed water in limonite (goethite), 
with a ratio of 4 parts siderite to 1 part limonite. 
This proportion of volatile material to ferric oxide con 
tent appears to be reasonably constant and can be 
applied to all low-iron bauxite in the region that is 
beneath the level of the present water table. In high- 
iron bauxite and in bauxite from above the v^ater table 
in which there has been oxidation of the siderite, the 
proportion of limonite is higher and the percentage of 
volatile materials in the minerals accordingly lower.

The remainder of the ignition loss, once the part 
attributable to the iron minerals has been subtracted, 
represents the combined water present both in kao 
linite and in gibbsite. If the silica content of the 
sample has been determined and it is assumed that all 
the silica present is in the form of kaolinite, the part of 
the ignition loss that can be assigned to comb;ned water 
in kaolinite is equal to the silica content multiplied by 
0.30. Each percent of water in kaolinite is combined 
theoretically with 3.32 percent of silica and 2.82 
percent of alumina.

The rest of the ignition loss represents the combined 
water in gibbsite. Water in this mineral is combined 
with alumina in a ratio of 1:1.89.

Approximate calculations of alumina content and of 
the principal minerals in low-iron bauxite can be made 
in this manner if only silica, ferric oxide, and loss on 
ignition of the sample are known. The alumina con 
tent can be determined approximately by subtracting 
from 100 the sum of the percentages of the three known 
constituents plus a uniform allowance of 4.0 percent 
for titania and insoluble constituents. Any significant 
amount of the monohydrate of alumina in the sample 
will be evident by a low-silica content and ignition loss 
and therefore by a disproportionately large alumina 
content obtained by difference.



BAUXITE 95
GRAPHIC REPRESENTATION OF BAUXITE COMPOSITION

The composition of samples from Arkansas deposits 
can be shown graphically by plotting alumina against 
silica on rectangular coordinates. The resulting graph 
is shown in figure 29 and, except for modification of the

PERCENT Si02 

20 25 30

IMPURITIES
t containing alumina 

'or combined silica)

FIGURE 29. Relationship between mineral and chemical composition of Arkansas
bauxite.

"impurities" designation at the point of origin, is the 
same as that prepared by J. R. Thoenen and R. P. 
Bryson (written communication, 1943) on the results of 
a study of the commercial grades of bauxite. This 
report, advocating a classification of bauxite based on 
the content of "available alumina" was not published, 
but a later one, on the application of the ternary dia 
gram to Arkansas bauxite, by Thoenen, Malamphy, and 
Dale (1945) has been published.

In the graph, pure gibbsite and pure kaolinite appear 
as points, plotted on the rectangular coordinates ac 
cording to their content of alumina and silica. Mix 
tures of the two substances are shown along on the 
line that connects these points. The percent of gibbsite 
is indicated by numerals along this line.

The point of origin represents the impurities that do 
not contain aluminum and combined silica. Where 
the triacid method of analysis has been used, quartz 
or other forms of free silica, if present, would appear

as part of the insoluble residue and would thus be con 
sidered among the impurities, rather than as part of 
the combined silica. The point of origin has been 
connected by heavy lines to the gibbsite and kaolinite 
points on the graph, completing a triangle.

Radial lines connect the point of origin with the 
gibbsite-kaolinite line and divide the triangle into 
sections that represent the ratios of gibbsite to gibbsite 
plus kaolinite. Lines parallel to the one connecting 
the point of origin with the point of 100 percent 
kaolinite divide the triangle into sections that represent 
the ratio of gibbsite to total rock. The diagram may 
thus be used to determine these ratios in analyzed 
samples for which the amounts of alumina and combined 
silica are known. A point on the rectangular co 
ordinates representing these two values will fall within 
the triangle except in rare cases where the monohydrate 
of alumina is present in excess. The percent of gibbsite 
as compared either to gibbsite plus kaolinite or to total 
rock may then be determined by referring to the radial 
or parallel lines cited above.

A modification of this diagram in which the triangle 
is divided by parallel diagonal lines that represent the 
percentage of loss on ignition due to kaolinite and 
gibbsite was used in the field laboratory to check the 
accuracy of analyses made by the triacid method 
(Thoenen, Malamphy, and Dale, 1945, p. 2-6, fig. 1; 
Malamphy and others, 1948, v. 1, p. 54-56, fig. 29).

"Available alumina" (alumina content less 1.1 times 
silica content) also can be plotted graphically in this 
manner. In figure 30 both gibbsite-kaolinite ratio and 
available alumina values are shown along the line that 
connects the points of pure gibbsite and pure kaolinite.

Diagonal lines representing 48, 40, 32, and 24 percent 
available alumina have been drawn in this diagram. 
These values constitute convenient limits for an in 
formal classification of metallurgical ore for field use. 
Bauxite containing more than 32 percent available 
alumina was considered to be ore. Twenty-four per 
cent available alumina was taken as a convenient 
boundary between bauxite and bauxitic clay. In rock 
containing few or moderate impurities this value 
coincides approximately with a 50-50 ratio of gibbsite 
to kaolinite, represented in the diagram by a radiating 
line from the point of origin to the middle of the upper 
edge of the triangle. The line of "zero available alu 
mina," above which available alumina has a plus 
value, was taken as the boundary between bauxitic and 
kaolinitic clay. This corresponds to a ratio of about 
15.5 percent gibbsite to 84.5 percent kaolinite. The 
three rock types are represented by different patterns 
in the figure. A zone of overlap between the patterns 
indicates that the boundaries are approximate and 
somewhat flexible. A boundary between low- and high-
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GIBBSITE 
(AI203 -3H20) PERCENT Si02
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FIGURE 30. Chemical-mineralogical classification of bauxite and high-alumina 
clay in Arkansas.

iron rock has been drawn to coincide approximately 
with 17.4 percent impurities as these normally would 
average about 10 percent total Fe represented as 
Fe2O3 , 2.8 percent TiO2 , 1.3 percent acid insolubles and 
3.3 percent ignition loss attributable to the iron minerals 
in the ratio of 4 to 1 siderite to limonite. Any increase 
in impurities more than this figure would be most 
likely in iron content. Where the impurities constitute 
more than 50 percent other names would be given to 
the rock.

MINOR ELEMENTS IN BAUXITE

Fourteen samples of bauxite and bauxitic clay were 
selected from the four types of deposits into which 
the bauxite is subdivided in this report. Determinations 
of the minor elements in these samples by spectro- 
graphic methods were made by K. J. Murata of the 
Geological Survey. The averages of the analyses 
compared with those from three samples of nepheline 
syenite are shown in table 9. Averages are given for 
all 14 samples of bauxitic rock and for those from each 
type of deposit.

Altogether 21 minor elements were noted in the 
bauxitic rocks, 18 of which are also in the parent 
igneous rock. Boron apparently is limited to deposits 
within the Berger formation (types 2 and 3). Source

TABLE 9. Averages of spectrographic determination of minor ele 
ments in nepheline syenite and bauxite and bauxitic clay samples 
from Arkansas

[Analyst, K. J. Murata. Figures in table indicate percent by weight]

Element

Ti_____ _____________
Zr_.______ _-_.____
Mn    _ - _
Ca___._ ____________
Mb.- .       .
Mg____ _ . _ . .
Sr_.  ._-___.______
Ba   ______________
Y_________ ________
Cr_. _______________
La.____ ___________
V... ____________ __
Ga_-_______-______
B__. ______ ________
Mo-             --
Cu__-________-_.___
Sc.-   -._     -_
Pb--___________.__
Ni    -. ___-__-
Be           _
Co  . _    _

1

Nepheline 
syenite 

(3 
samples)

10.51 
.050 
.097 

U.01 
.013 

1.38 
.027 
.071 
.013 
.0001 
.030 
.0047 
.0020

.00057 

.00017 

.00033 

.00067

.00017

2

Bauxite, 
all types 

(14 
samples)

1.06 
.13 
.12 
.12 
.050 
.037 
.019 
.017 
.015 
.011 
.010 
.0092 
.0086 
.0031
.0018 
.0014 
.00069 
.00067 
.00064
.00022 
.00014

3 4 5 6

Bauxite deports

Typel 
(3 

samples)

0.73 
.12 
.083 
.033 
.050 
.0053 
.0035 
.0013 
.0057 
.0043 
.012 
.0060 
.0063

.0010 
,0013 
.00053 
.00033

Type 2 
(7 

samples)

1.1 
.12 
.17 
.11 
.050 
.050 
.010 
.0030 
.020 
.0089 
.00% 
.0077 
.0060 
.0029 
.0016 
.0019 
.00074 
.00067

.000057

Ty-3e3 
(3 

sannles)

1.0 
.13 
.040 
.20 
.040 
.037 
.053 
.060 
.012 
.018 
.0067 
.016 
.0093 
.0070 
.0030 
.00067 
.00077 
.00090 
.0030
.00090 
.00067

Type 4 
(1 

sample)

1.8 
.2 
.05 
.2 
.08 
.09 
.03 
.04 
.02 
.02 
.02 
.01 
.008 
.002 
.002 
.001 
.0006 
.001

i Calculated from chemical analyses.
Looked for but not found:

In nepheline syenites. As, Sb, Bi, In, Tl, Sn, Ag, Zn, Cd.
In bauxites and bauxitic clays. As, Sb, Bi, In, Tl, Sn, Ag, Qe, Ta, P.

of the boron, which commonly is found in sea water, 
may have been connate water in the marine sediments 
of the Midway group. Cobalt and nickel v^ere found 
only in alluvial (type 3) deposits. Not listed in the 
table but present either in the nepheline syenite or the 
bauxite, or both, are aluminum, ferric and ferrous iron, 
carbon, oxygen, sulfur, and chlorine.

Phosphorus, shown by chemical analysis to average 
0.17 percent P2O5 hi the nepheline syenite samples, was 
not detected spectrographically in the bauritic rocks. 
Small amounts are probably present in the bauxite but 
cannot be detected spectrographically as tl ^ limit of 
sensitivity for this element is about 0.5 percent P2O5 . 
Only one chemical analysis is available to show the 
amount of phosphorus pentoxide in a weathered rock 
in this region. The sample is a kaolinitic clay immed 
iately overlying a bauxite deposit. The clay probably 
was derived largely from the resilication of bauxite. 
It contains 0.08 percent P2O5 . The complete analysis 
of this rock (specimen AB-10148-1) is given on page 
129.

The relative concentration of the 18 eT enients in 
table 9 common to the nepheline syenite ard. bauxitic 
rocks is shown in figure 31 for all bauxitic sr.mples and 
for each type of deposit. The relative concentration 
for each element is expressed as a ratio to T, obtained 
by dividing its content in the bauxitic sample by its 
content in the nepheline syenite. The elements are ar 
ranged in this table according to the values of these 
quotients, in descending order. Those with values
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A

V

T3 
0)
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Concent

2
Q.
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Q

Elements

Cr

Cu

Ga

Nb

Mo

i l 

Zr

Ti

Sc 

V

Be

Mn

Y

Pb

Sr

La

Ba

Ca

Mg

RATIOS OF CONCENTRATION

In bauxite, 
all types

B/A

100

8

4.3

3.8

3.2

2.6

2.1

2.1 

2.0

1.3 

1.2

1.2

1.0

.7

.3

.2

.1

.1

In bauxite deposits
Type 1

C/A

40

8

3.2

3.8

1.8 

2.4

1.4

1.6 

1.3

.9

.4

.5 

.1

.4

.02

.03

.01

Type 2

D/A

90

11

3.0

3.8

2.8

2.4

2.1

2.2 

1.6

.3 

1.8

1.5

1.0

.4

.3

.04

.1

.1

Type 3

E/A

180

4

4.7

3.1

5.3

2.6

2.0

2.3 

3.4

5.3 

.4

.9

1.3 

2.0

.2

.8

.2

.1

Type 4

F/A

200

6

4

6

4 

4

3

2 

4

.5

1.5

1.5 

1.0

.7

.6

.2

.2

31. Relative concentration or depletion of minor elements in bauxite and bauxitic clay as compared to nepheline syenite.

greater than 1 have been concentrated relative to the 
total volume of rock lay the weathering processes; those 
with values less than 1 have been depleted. Similar 
average values for aluminum, computed from chemical 
analyses of the specimens where available, are shown 
on the table to indicate those elements in greater or 
less concentration relative to aluminum.

A statement regarding the concentration of minor 
elements in bauxite appeared in a report by Gold- 
schmidt (1937, p. 667) and is as follows:

Besides beryllium and gallium which follow aluminum, the
elements titanium, zirconium, tin, and quinquevalent niobium
are found to be concentrated in bauxite, together with aluminum
hydroxide, and the factor of concentration is about the same

452763 58   8

as that of alumina, being as a rule about 4-5-fold as compared 
with their mother rock. (I [Goldschmidt] may mention that 
the alkali aluminate solutions of the Baeyer process for making 
alumina are a potential source for very large quantities of 
gallium.) In some cases vanadium also is somewhat concen 
trated in the bauxites. The tervalent elements with somewhat 
lower ionic potential, such as the lanthanides, yttrium, and 
even scandium, are as a rule not concentrated in typical bauxites, 
because their lower ionic potential permits their removal in 
aqueous solution.

Goldschmidt was referring to European bauxite 
deposits, judging from his remark about the fourfold 
to fivefold concentration of alumina, which would be 
possible only in bauxite containing alumina largely 
in the monohydrate form. Nevertheless, the present
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study of Arkansas bauxite in which alumina is con 
centrated 2Y2 to 3 times provides an excellent verifica 
tion of the statement quoted above.

The field of elements can be divided into three prin 
cipal groups, based on the relationship between their 
ionic radii and then- valences or ionic charges. This 
relationship is commonly expressed as ionic potential, 
a value which is the quotient of the valence divided 
by the ionic radius. Although ionic potential has 
no physical or chemical entity in nature, as a concept 
it is useful in explaining certain chemical reactions 
that are otherwise puzzling.

Many of the elements are plotted in the graph 
(fig. 32) to show the relation of their ionic radius to 
ionic charge. This value is modified from a similar 
one by Goklschmidt (1937, fig. 2), the elements are 
replotted according to the values for ionic radii given 
in the seventh edition of Dana's System of Mineralogy 
(Palache, Berman, and Frondel, 1944, p. 4, 5).

Diagonal lines radiating from the point of origin 
are lines of constant value for ionic potential, Z/r. 
The first of the solid diagonal lines represents an ionic 
potential of 3. Elements of low-ionic potential are

left of this line; many form basic oxides. These ele 
ments remain in true ionic solution in the process of 
weathering and transportation, thus they are carried 
off and depleted. Substances between the two solid 
diagonal lines, representing ionic potentials of 3 and 12, 
are amphoteric elements. They are precipitated by 
hydrolysis, their ions being associated witl hydroxyl 
radicals from aqueous solutions (Goldschmidt, 1937, 
p. 665). A broken diagonal line has been drawn in 
the figure to indicate an ionic potential of £ .5 because 
this value probably represents more closely the upper 
limit of the elements concentrated in bauxite. The 
elements with higher ionic potential forn complex 
anions containing oxygen and are usually soluble and 
remain in true ionic solution.

Agreement is not complete, however, between the 
theoretical behavior of the elements as based on their 
ionic potential and their concentration a^ actually 
determined. A comparison of the graph (fig. 32) with 
figure 31 shows that the discrepancies concern princi 
pally beryllium, copper, and chromium.

Beryllium, which theoretically should be concentrated 
in bauxite as is aluminum, actually has an erratic dis-

345

IONIC CHARGE(Z) 

FIOUEE 32.  Grouping of certain elements according to their ionic radii and charges.
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tribution in the Arkansas rocks. It was detected in 
only four specimens two of kaolinitic to bauxitic 
"hardcap" and two of bauxite gravel deposits. Its 
average concentration of 1.3 times in the 14 bauxitic 
specimens is due mostly to an unusually high content 
recorded in one sample of bauxite gravel. Beryllium 
is absent or less concentrated in most of the bauxite 
than in the nepheline syenite. Ionic potential, there 
fore, does not explain the behavior of this element. 
Nor could a satisfactory explanation be found for the 
high concentration of chromium recorded in the bauxitic 
samples. The spectrograph is sensitive to a lower limit 
of about 0.0001 percent for chromium and for beryl 
lium. It is possible, however, that the nepbeline syenite 
samples were not typical for the region in chromium 
content.

Copper is present in the nepheline syenite samples in 
very small amounts and theoretically should have been 
depleted during weathering. It actually is 4 to 11 
times more concentrated in the bauxitic rocks.

Spectrographic determinations were made of two 
samples each of siderite and pyrite separated from 
bauxite specimens, to determine if copper, chromium, 
nickel, and cobalt were introduced with ferrous iron 
and sulfide ions. The results of this study are shown 
in the table below. Among the elements sought, how 
ever, only copper was present in sufficient quantity to 
be positively identified spectrographically and in one 
of the pyrite samples. It is not known what caused 
the unusually high concentration of molybdenum in the 
pyrite sample, or the amount of vanadium associated 
with one of the siderite samples, the content of which is 
greater than in bauxite from the same hand specimen 
(see table below).

Goldschmidt called attention to the recovery of large 
quantities of gallium from the alkali aluminate solu 
tions of the Bayer process. In 1949 the Aluminum 
Corp. of America announced the perfection of a process 
to recover gallium from bauxite as a byproduct in the 
manufacture of alumina.

One of the most interesting results of the present 
spectrographic study is the discovery of a significant 
concentration of niobium in the bauxite. Raukama 
(1947) pointed out that the concentration of this ele 
ment is greater in nepheline syenite deposits than in 
other igneous rocks and also that in hydrolysates the 
highest niobium content is found in bauxite and 
laterite deposits. In Arkansas bauxite, derived from 
nepheline syenite, the average niobium content is 0.05 
percent and probably is in combination with several 
titanium- and zirconium-bearing minerals that are 
found in the heavy-mineral fraction of the bauxite, 
such as anatase, ilmenite, rutile, and zircon (Rankama, 
1947, p. 13). It is conceivable that a process might

eventually be devised for the extraction of niobium as a 
byproduct of the manufacture of alumina from bauxite.

Spectrographic determination of minor elements in samples of 
pyrite and siderite from bauxite deposits

[Analyst, K. J. Murata. Values shown in the table are in fractions of a percent]
1234 

Element Pyrite Pyrite Siderite Siderite
Cu________--_____ ______ 0.0002 ______ ______ _______

.04
0.01V___     __       _     ------ --_--

Looked for but not found: Ag, As, Sb, 8n, Bi, Pb, Tl, Ge, In, W, Zn, Od, Co, Ni, Or.
1. Pyrite from a cavity in bauxite (specimen AB-105-1), from crosscut 5 in tre Neil- 

son underground mine of Alcoa Mining Co., SWJ^NWM sec. 26, T. 2 S , R. 14 
W., Saline County. Collector, J. I. Tracey, Jr.

2. Pyrite mostly from within pisolites in low-grade bauxite (specimen AB 14026A-1) 
from USBM drill hole 14-026A, depth 330.1 to 330.5 feet, East Bauxite c"eposit, 
SEMSEJkt' sec. 2b, T. 2 S., R. 14 W., Saline County.

3. Siderite in rough rhombic crystals lining a fissure in tan pisolitic bauxite (specimen 
AB-16048-1), from USBM drill hole 16-048, depth 455.2 leet, East Bauxite de 
posit, International Paper Co. property, SEMNWM sec. 31, T. 2 S., R. 13 W., 
Saline County.

4. Botryoidal crust of siderite lining cavity in pisolitic bauxite (specimen AF-53-1), 
from the stockpile of the Stuckey mine, NWJiSEJi sec. 9, T. 2 S., R. 14 W., 
Saline County. Collector, M. I. Goldman.

DISTRIBUTION OF BAUXITE DEPOSITS

Bauxite in Arkansas occurs in irregular discontinuous 
blanketlike deposits scattered over the uneven weath 
ered surface of nepheline syenite hills and on the sur 
rounding gently sloping weathered surface of the Wills 
Point formation. The general distribution of the out 
crops and buried deposits is shown in the subsurface 
map (pi. 2) and also in the isometric sketches of the 
Pulaski and Saline mining districts (pis. 7 and 8).

The bauxite bodies range in dimensions and in ton 
nage, from small lenses, covering a fraction of an acre 
and containing only a few tons, to large lenticular 
blanket deposits, several hundred acres in area and con 
taining several million tons. The thickness of the 
bauxite ranges from a fraction of an inch to 60 feet. 
In most of the large deposits the thickness read ^s a 
maximum of 35 feet and averages about 14 feet. Pome 
nearly flat-lying deposits on the Wills Point formation 
locally attain 20 feet in thickness and average about 10 
feet.

The distribution, size, and quality of the deposits 
are determined chiefly by three geologic controls: the 
nature of the source rocks; the local and reg: onal 
physiography of the post-Midway erosion surface; and 
erosion and deposition during Wilcox time. The effect 
of these factors on the bauxite is discussed below.

FACTORS CONTROLLING THE OCCURRENCE OF 
BAUXITE

SOURCE ROCKS

Alkalic igneous rocks.   Nepheline syenite or "gray 
granite" is the principal source rock of the bauxite 
deposits because of its high alumina content, its sus 
ceptibility to deep weathering that permits, free ^perco 
lation and thorough leaching by ground waters, an d its
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topographic relief in hills that stood high enough above 
the natter surface of the Wills Point to ensure free 
ground-water movement .

Much less bauxite is associated with the pulaskite, or 
"blue granite" of Pulaski County, which contains less 
nepheline and more closely interlocked feldspar, and 
which weathers more slowly than the nepheline syenite. 
These rocks are the principal source of the bauxite 
deposits but other rocks have contributed minor 
amounts of bauxite.

The igneous dike rocks, having been subjected to the 
same weathering processes as the more widespread 
types of igneous rock, no doubt were the source of some 
of the bauxite. For example the large size of relict 
feldspar crystals in some specimens of granitic-textured 
bauxite indicates a derivation from pegmatitic varieties 
of the nepheline syenite. Two specimens of this type 
are shown in plate WB. Bauxite with a texture re 
sembling that of fine-grained trachyte also has been 
recognized in thin section.

Paleozoic rocks.   A few deposits, particularly in 
Pulaski County, overlie in part roof pendants or large 
inclusions of rock of Paleozoic age in the nepheline 
syenite. They are underlain in places by brittle 
variegated clay that grades downward into black or 
green shale of probable Paleozoic age, or into fine 
grained igneous border rock adjacent to such shale. 
Bauxite overlying the roof pendants probably was 
derived mostly from coarse-grained igneous rock far 
ther upslope rather than from the metamorphic rocks. 
Some fragments of shaly rock, however, have been 
altered to gibbsite. Pebbles of laminated structure 
altered to gibbsite were found at the west end of the 
Section 15 mine in Saline County, in the north face, 
about 600 feet northeast of a small pendant of meta 
morphic rock described as the "Cedar Park Paleozoic 
mass" by Williams (1891, p. 127, map 3). They occur 
in a conglomerate of well-rounded bauxite pebbles in a 
red to gray gritty clay matrix. Some of the pebbles 
have well-de\7 eloped shaly laminations and are fissile. 
A gibbsite pebble was analyzed at the field laboratory 
of the U. S. Bureau of Mines at Little Rock; the results 
are given in the table below. The gibbsite content is 
slightly more than 90 percent.

Analysis of gibbsite pebble by U. S. Bureau of Mines, Little 
Rock, Ark.

Percent 
A130.__- --___-__.-__ -__-_-__-_--_____________ 61. 8

Fe as Fo.O 3 ____________________________________ 1. 8
____________ ______________________ 1. 5

Ignition loss________________________________________ 33. 4
Insoluble._____-________________________________^__ . 7
FeO__-_----_-_--_-___-___________________________ . 4

The shale in many of the pendants is highly altered 
and much of it has been replaced by tiny feldsnar grains 
along the laminae, discussed in the section of this 
report dealing with the igneous rocks (see page 67). 
High-grade bauxite that preserves shaly structures 
probably was derived from these altered feldspathic 
parts of the pendant rocks of Paleozoic age. Bauxite 
may also have formed on the uplands of Paleozoic age 
northwest of the bauxite region, but if so erosion has 
since removed all traces of it.

Wills Point formation. The gummy black silty clay 
that forms most of the Wills Point formation was not a 
favorable source rock for bauxite. Commercial deposits 
of bauxite are concentrated around nepheline syenite 
hills and are not widely scattered over the Wills Point 
surface. In Pulaski County they do not extend more 
than three-eighths of a mile out on the Wills Point 
surface and in Saline County not more thru 1 mile. 
The bauxite is underlain by kaolinitic clay at least parts 
of which contain minerals derived from the nepheline 
syenite. The clay of the Wills Point formation is rela 
tively impermeable and generally is found on gentle 
slopes. Such conditions would hardly favor the free 
downward movement of ground water, generally 
believed necessary to form significant amounts of 
bauxite from the clay.

Weathered zones, 10-20 feet thick, are common in 
the upper part of the clay that was exposed in the 
interval between Wills Point and Berger deposition. 
At the top of this weathered zone where p<\rt of the 
silica has been removed, chemical analyses approximate 
that of kaolin. A gradational increase in silica, occurs 
downward until the normal high-silica content is 
reached in the unweathered black clay, as discussed in 
the stratigraphic section of the report, page 31.

Near Mabelvale, small bauxite bodies, exposed or 
buried near the Midway and Wilcox contact, lie iso 
lated from any source of nepheline syenite detritus. 
These deposits are generally high in silica; only one 
contains a significant amount of commercial-grade ore. 
Many drill holes were sunk by the Federal drilling pro 
gram downslope from the Midway and Wilcox contact in 
the Mabelvale area. Cores were taken in several holes 
through bauxite into fresh blue-black clay of the Wills 
Point formation. The cores all showed a gradation 
from pisolitic bauxite through bauxitic clay to kaolinitic 
clay. The kaolinitic clay merges imperceptibly with 
material recognizable as weathered clay of the Wills 
Point formation in place, and grades downward within 
several feet to fresh black silty clay. No unconformity 
could be recognized, and it was concluded that the 
bauxite weathered directly from the Wills Point forma 
tion.
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Unpublished field notes of Bramlette indicate that 
one of these deposits, in the NW#SW# sec. 12, T. 1 S., 
R. 13 W., Pulaski County, contains the following heavy 
accessory minerals in order of decreasing abundance: 
zircon, tourmaline, rutile, magnetite, kyanite, and 
anatase. This assemblage indicates derivation of the 
bauxite at this locality from the Tertiary deposits 
rather than from the alkalic syenite rocks.

The Mabelvale bauxite possibly was derived from 
the weathering of detritus transported from the uplands 
of Paleozoic age, but the lack of a fragmental texture 
in any of the bauxite or underclay opposes such an 
origin. Neither does it appear likely that debris from 
any of the known nepheline syenite hills could have 
reached this area. Most of the bauxite bodies are 
located on topographically elevated parts of the post- 
Midway surface.

SUBSURFACE TOPOGRAPHY

The bauxite deposits shown on the subsurface map 
of the bauxite region (pi. 2) are grouped on and around 
three major nepheline s}renite masses called "highs", 
or domes. These are eroded stocks or bosses on the- 
Little Rock igneous complex that protrude above the 
surface of the deposits of the Midway group and are 
mostly covered by deposits of the Wilcox group. The 
easternmost eminence is the large bifurcate nepheline 
syenite mass called the Pulaski high that crops out as 
Granite Mountain in Pulaski County. About 10 
miles to the southwest is the buried Bryaiit high that 
crops out in several places on the slopes of Alexander 
Mountain, Saline County. About 2 miles farther 
southwest is the large Saline dome with which the 
majority of the commercial deposits are associated.

In between the Pulaski and Saline masses are the 
small Ledbetter and Sardis highs. The latter is a 
northeast extension of the Saline dome. These do not 
 crop out on the present surface but are buried beneath 
the Wilcox. They are almost barren of bauxite except 
for one or two minor accumulations on the Sardis 
high, which have no commercial importance. Other 
elevated parts of the buried Little Rock batholith, 
farther to the southeast and described briefly under 
igneous rocks, do not protrude above the Midway 
surface and hence would not have been available to 
the post-Midway weathering processes that formed 
bauxite.

The drainage pattern that was cut on the nepheline 
syenite slopes during Kincaid and Wills Point time 
extended onto the Midway surface after the sea with 
drew and aided in localizing the bauxite deposits. 
Bauxite formed along ridges and slopes in the minor

valleys and locally in the bottoms of minor drainage 
channels. Bauxite and other material was stripped 
from the major drainage areas. The relation of the 
bauxite deposits to subsurface topography is shown in 
the subsurface map (pi. 2) and also in the isometric 
diagrams of the two producing districts (pis. 7 and 8). 

Major subsurface drainageways lie between the 
five nepheline syenite hills and cut deeply into the 
Midway sediments. Bauxite was not formed in these 
drainage areas where erosion of the Tertiary sediments 
and earlier rocks was taking place.

EROSION AND REDEPOSPTION

Bauxite and clay were removed from the place at 
which they were formed and were carried basinward. 
The means of transportation probably ranged from 
landsliding and soil creep to erosion and recleposition 
by stream action. The detritus that moved downhill 
under different forms of mass wasting, such as soil 
creep, landsliding, and muclflow, was deposited in a 
fringe of coalescing fans and colluvium along the bases 
of hills, or where the grade decreased sufficiently to 
impede or stop further movement of the material down- 
slope. This fringe is referred to frequently in this 
report as "the colluvial apron." Many residual bauxite 
deposits were formed in this apron and these have about 
the same relationship to subsurface topographic features 
that have been noted in the deposits on weathered 
nepheline syenite upslope.

Most of the bauxite that was eroded from the neph 
eline syenite hills was dissipated and lost. Locally, 
however, bauxite gravel was deposited in channels 
along the margins of the nepheline syenite hills. The 
hard bauxite pebbles making up the gravel probably 
are not far from their source, perhaps from a few tens of 
feet to about half a mile. The bauxite gravel deposits 
apparently are associated exclusively with the Berger 
sediments into which they tongue.

Bauxite boulder deposits are associated with the 
basal part of the Saline formation and mark a period 
of intensified erosion that ushered in early Saline time.

TYPES OF BAUXITE DEPOSITS

The bauxite in Arkansas formed almost entirely 
from the nepheline syenite rocks in place or from detri 
tus derived from these rocks. As discussed in the fore 
going sections the deposits have a definite relation to 
the topography of the post-Midway erosion surface, 
and to the Wilcox sediments that cover this surface. 
Field studies of the bauxite bodies in Pulaski and Saline 
Counties indicate that they can be classified in four
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types listed below, or a combination of two or more 
of them.
Type 1. Residual deposits on iiepheline syenite.

2. Deposits in the bauxite-kaolin facies of the Berger 
formation.

3. Bedded deposits in the Berger formation.
4. Conglomeratic deposits at or near the base of the 

Saline formation.

The first two types are almost equally important 
economically; the residual deposits, however, are 
limited to the Saline nepheline syenite dome. The last 
two types have provided ore in many mines but are 
much less important economically than the first two. 
A diagrammatic sketch showing the general field rela 
tions of all four types appears in figure 33. Each type 
has its own peculiar lithologic characteristics.

upper part, adjacent to the bauxite is textureless, 
massive, or fragmental. This interval is described in 
more detail below.

RANGE IN ALTITUDE

In Saline County the residual deposits are found at 
an altitude ranging from about 100 feet in the Bailey 
ore body, to 520 feet near the Neilson mine (pi. 2). 
This difference of altitude of about 420 feet is along a 
line that coincides with the regional strike of the Ter 
tiary sediments. No special significance is attached to 
this fact, but it stresses the difference from type 2 
deposits, the altitude of which is partly controlled by 
the regional dip of the sediments.

In Pulaski County several small remnants of type 1 
deposits occur from about the 100-foot contour in the

TYPE 2
Colluvial deposits 

at the base of the 
Berger formation

TYPE 3
Stratified deposits 

within the Berger 
formation,

TYPE 4
Conglomeratic 

deposits at the 
base of the Saline 
formation

TYPE 1
Residual deposits 

on the nepheline 
syenite

. Diagrammatic section of the principal types of deposits in the Arkansas bauxite region.

TYPE 1. RESIDUAL DEPOSITS ON NEPHELINE SYENITE

DISTRIBUTION

Residual deposits of commercial size are restricted to 
the higher nepheline syenite slopes of the Saline dome. 
They occur in sees. 9 to 11, 13 to 16, and 21 to 28, in 
clusive, T. 2 S., R. 14 W., and in sec, 18, T. 2 S., R. 13 
W. Small remnants of this type have also been found 
in two places on the Bryant high and in four places on 
the Pulaski high. Those in Saline County lie upslope 
from the edge of the Berger formation except in several 
places where they extend downhill a short distance 
beneath it. They are limited upslope by their out 
crops, truncated by relatively recent erosion.

UNDERLYING ROCKS

Between the fresh nepheline syenite and the over 
lying bauxite deposits is a layer of white to greenish- 
gray kaolinitic clay. The lower part of the clay pre- 
.serves the texture of the nepheline syenite but the

Rummel mine, to below the 350-foot contour in an out 
crop near the northwest corner of sec. 36, T. 1 N., 
R. 12 W.

SHAPE AND RELATION TO THE POST-MIDWAY EROSION SURFACE

Residual deposits blanket the flanks of the large 
valleys cut in the nepheline syenite. Their thickest 
and highest grade parts are associated with ridge spurs 
that jut into these valleys. Generally the bauxite is 
thick on the steep flanks of the spurs and tl in to ab 
sent 011 the crests. In many places, however, thick, 
gently sloping bauxite overlies low saddles and broad 
knolls; and, more rarely, the thickest bauxite is at the 
crest of steep slopes. Downslope the total thickness of 
the bauxite varies greatly but minable ore is generally 
thinner. The grade of the bauxite drops notably in 
the tributary drainage between the spurs. The bot 
toms of the major drainage channels are filled with a 
thick accumulation of bauxite material, normally low
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in grade but containing scattered bodies of high-grade 
bauxite. The distribution of the ore along valley flanks 
is well shown in the subsurface map (pi. 2), and in the 
perspective diagram (pi. 8).

As the type 1 deposits have formed largely in place 
from the weathering of the nepheline syenite, the upper 
surface of the bauxite has almost the original configura 
tion of the nepheline syenite before it was weathered. 
This is particularly true of the surfaces on the upslope 
parts of the residual deposits. In these areas the top of 
the bauxite coincides, generally, with the post-Midway 
erosion surface. Downslope toward the centers of val 
leys, there has been modification of the original surface 
by mass wasting, including soil creep, landslide, and 
possibly mudflow; and to a minor degree by erosion and 
redeposition. In some places the irregular surface of 
undisturbed residual rock lies in the middle or just below 
the bauxite section, or within the kaoliiiitic clay 
beneath.

The stripped surface of a type 1 deposit reveals, with 
the exceptions and modifications noted above, the origi 
nal topographic configuration of the nepheline syenite.

This surface has been well exposed in many mines of 
the Alcoa Mining Co. near Bauxite, in the African 
Camp, Bertha, Bertha Extension, Maud, Pruden, Sec 
tion 14, Section 15, Section 16, and Section 26 mines. 
Broad, gently rounded slopes with well-defined valleys 
and minor tributaries are the rule. Slopes in excess of 
20°, however, are present in the uphill parts of the 
deposit in the Maud mines. Locally they exceed 40° 
in the Section 26 mines, where the bauxite dips so 
steeply beneath the overburden that underground min 
ing by inclined shaft was necessary. A section drawn 
through six drill holes at the south end of the Section 26 
mine, just north of the boundary with the Old Globe 
mine is shown in natural scale (fig. 34). The average 
slope of the bauxite surface from crest to toe, a hori 
zontal distance of 200 feet, is 30°; the maximum slope, 
between drill holes T-954 and K-204, is 42°. Stripped 
bauxite surfaces are shown in photographs in figure 
35 A, B. On the subsurface map (pi. 2) contours on 
the post-Midway erosion surface have been drawn on 
top of the upslope parts of type 1 deposits.

500-

z 450-

400'-

350

Datum is approximate mean sea level

FIGURE 34. Cross section showing the steep slope of the bauxite siriace in a part of the Section 26 mine.
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FIGURE 35. Stripped bauxite surfaces of type 1 deposits in Saline County mines. 
A, Ancient valley in the bauxite surface. View looking toward the southeast corner 
of the African Camp mine. B, Mass of kaolinized nepheline syenite (light area next 
to the man) reaches the upper surface of the bauxite. Looking eastward across the 
eastern part of the Section 16 mine.

THICKNESS

Bauxite varies in thickness, because of the irregular 
lower surface of the residual type of deposit. Mead 
(1915, p. 37) has estimated an average thickness of 11.5 
feet of merchantable ore. Present standards, based on 
utilizing ore of considerably lower grade than was mined 
in Mead's time, would raise this figure to about 14 feet, 
but not much more because the grade of the bauxite de 
creases abruptly at the top and bottom of the deposit. 
Hayes (1901, p. 450) records the prevailing thickness 
of the bauxite at 10 to 15 feet, with a maximum of 30 
feet or more in sec. 16. The greatest known thickness 
of a type 1 deposit was exposed in 1927 at the boundary 
between the Old Globe mine and the adjacent Alcoa 
property. A photograph of this 60-foot face of bauxite 
was published in a report by Cash and Von Bernewitz

(1929, fig. 113). The cross section shown in figure 34 
was drawn parallel to and near the boundary mentioned 
above, using Alcoa Mining Co. drilling data. Drill hole 
J-624 contained 58 feet of ore that averaged more than 
50 percent of available alumina, and did not reach the 
base of the ore. It is noteworthy that this, the thickest 
known section of bauxite, lies at the crest of the steepest 
known bauxite slope. This indicates that the usual 
thinness of the bauxite over ridge crests is caused by 
erosion after its formation.

CKOSS SECTION OF THE DEPOSITS

For greater facility in describing the type 1 deposits 
(fig. 36), two terms are proposed by Lacroix (1913,

SALINE 
FORMATION

Sand and clay 
Pisolitic ("birdseye") and 

vermicular bauxite
ZONE OF CONCRETION

Granitic-textured bauxite

CHING

Residual kaoliniticmtiai Kaoumiic ^ ^ / i -- .. .;  
underclay * +' ^ - /  v - i - -.- -+ ^+ i +^ + ^ " +   V

Fragmental to texturefess 
kaolinitfc clay

Kaolinitic nepheline syenite
Partly kaolinized nephelirre

syenite

Unweathered nepheline syenite

FIGURE 36.  Diagrammatic section of a type 1 deposit.

p. 272) in discussing similar residual deposits that 
overlie nepheline syenite in the Los Islands in French 
Guinea. Lacroix divided the bauxite into two nearly 
horizontal zones, a lower zone of leaching (zone de 
depart) and an upper zone of concretion (zone de 
concretion). The lower zone is characterized by the 
persistence of the structure of the original nepheline 
syenite, from which constituents such as alkalies, 
lime, magnesia, and silica have been leached. The 
upper zone is characterized by the disappearance 
of the original texture and rearrangement of the re 
maining hydrated oxide minerals into concretionary 
structures, accompanied by an increase in iron content. 
A comparison of the textures of the nepheline syenite 
and the granitic bauxite, and the development of con 
cretionary structure is shown in the sequence of plates 
9 to 14.

In Arkansas, granitic-textured bauxite, in an irregular 
layer at the base of the deposits, may be referred to the 
zone of leaching; the overlying pisolitic bauxite ("birds- 
eye ore") and rock with vermicular structures belong 
in the zone of concretion. High iron is not necessarily 
associated with the zone of concretion, as much of the 
iron is secondary to the bauxite. The Arkansas de 
posits differ from those of the Los Islands in having a
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thick kaolinitic interval, here called the "residual 
kaolinitic underclay," between the bauxite and the un- 
weathered nepheline syenite. In the Los Islands 
deposits the kaolinitic interval separating fresh nephe 
line syenite from bauxite is generally not more than 
1 millimeter thick.

Among the type 1 deposits studied in some detail, the 
one exposed in the Pruden mine in the SE%NW% sec. 
16, T. 2 S., R. 14 W., probably has received the most 
attention. Some of the relations between the bauxite 
and kaolin in this mine have been pointed out by Gold 
man and Tracey (1946). The map and sections of the 
typical residual deposit exposed in part of this mine 
are shown in figures 37 and 38. The map and sections 
were prepared from a topographic and geologic field 
map of the area, surveyed in December 1944, before 
much of the ore had been removed. The map has been 
altered slightly to eliminate mine cuts and piles of 
overburden.

Many lithologic specimens from this mine have been 
studied petrographically. Chemical analyses of 16 
specimens are given in table 10, arranged in the order

that they occur stratigraphically, from the top down 
ward, and also according to lithologic type. The loca 
tion at which they were collected are indicated in 
figure 37, and the specimens are further discuseed in 
the descriptions that follow.

The minor elements in three hand specimens from 
Saline County mines have been determined by spectro- 
graphic methods and are listed in table 11. The sig 
nificance of these minor elements has been discussed 
earlier in the section on chemical constituents of Ar 
kansas bauxite.

RESIDUA! KAOLINITIC UNDERCLAY

The clay beneath type 1 deposits is kaolinitic and 
grades downward through partly kaolinized nepheline 
syenite to unaltered rock. The thickness of thir kao 
linitic zone between the base of the bauxite and tl~e top 
of the unaltered igneous rock ranges from 15 to 60 feet 
and averages about 30 feet. Adjacent to the unaltered 
igneous rock is a gradational partly decomposed layer, 
3 to 10 feet thick, in which the granitic texture i? well 
preserved and which disintegrates readily into sand

TABLE 10. Chemical analyses of bauxite and kaolin specimens from the Pruden mine, Saline Count//, Ark. 

[Analyses by U. S. Bureau of Mines field laboratory, Little Rock, Ark.]

1 2 3 4 5 6 "a 7b 8

Zone of concretion

A12 03        ----     ---.--------
8iOs  -------------------------------
Fe as Fe2 O3 __---_-_-____-_______-______
Ti02- ---------------------------------
Ignition loss
Insoluble
FeO___. ---------- __-_---_____-__ __-__.

45. 6
24. 8

1. 8
6.0

21. 2
. 6
. 2

61.2
3. 7
1.4
1. 2

32. 2
.3
. 2

56.7
6.9
2. 1
4. 4

29. 1
. 8
.2

61. 2
1. 8
1. 9
2. 3

32. 4
. 4

2

60. 7
3.0
1. 5
2. 4

32.2
2

1. 4

60. 9
6. 9
1. 2
1. 2

29. 6
2
2

59.4
3. 8
3. 4
1. 5

31. 2
. 7

2

61.7
1. 1
1. 6
2. 6

32. 6
. 4
. 2

57. 6
5. 8
3. 6
2.0

30. 4
. 6
. 2

Zone of leaching

AfeOs   ----- --- -----------------------
SiQz             -     -     -   ------
Fe as FeaOs- ----------------------------
Ti02----   ----   ---------------------
Ignition loss_ __ .

FeO  ------------------------------

9

59. 7
5. 4
1. 1
3.7

29. 7
.4

2

10

62. 0
4. 6
.9
. 4

31. 6
K

.2

11

52. 6
22. 2

. 8

. 8
23. 2

. 4
o

12

49.4
25. 1

1. 1
1. 4

22. 7
. 3

2

13a

50.3
19. 5
3.0
2. 6

24.2
. 4
.3

13b

40. 4
39.0

2. 5
1. 9

15. 9
.3
. 5

14

40. 7
38.7

2. 4
2.5

15.4
. 3
. 3

i 15

39. 6
44. 0

1. 1
.6

14. 4
.3
. 2

'16

37. 2
42. 9

. 8
1. 9

13. 5
3. 7

2

i Underclay.

1. Gray partly kaolinized pisolites and rinds (specimen AB-74-7) from near the 
upper surface of the bauxitp.

2. Bed centers of pisolites (specimen AB-74-8) associated with sample 1.
3. Small block of bauxite with red pisolites enclosed in a drab matrix (specimen 

AB-74-16), from the top of the deposit.
4. Pisolitic bauxite block in red pisolitic bauxite ("birdseye ore") from the top of 

the deposit (specimen AB~74-3a).
5. Brown and white dense vesicular-appearing bauxite (specimen AB-74-13), from 

the top of the deposit.
6. White and pink scoriaceous bauxite (specimen AB-74-6) from the upper 5 feet 

of the deposit.
7a. Orange-red bauxite interpenetrating drab vesicular matrix in a vermicular 

structure, from the upper part of the bauxite; orange material only (specimen AB- 
74-15a).

7b. Drab matrix from the same specimen (specimen AB-74-15b).
8. Hard tan ocherous, very porous granitic-textured bauxite ("sponge ore") from 

a block (specimen AB-74-14) at the surface of the deposit.

9. Greenish-gray to pale-tan crumbly granular (granitic-textured) bauxite (speci 
men AB-74-11) from between two kaolinized nepheline syenite cores.

10. Tan granular (granitic-textured) bauxite in place (specimen AB-74-5), about 30 
inches above sample 11.

11. Grayish-tan soft granitic-textured bauxitic clay (specimen AB-74-4) in the 
lower part of the deposit.

12. Porous pale-gray clay (specimen AB-74-12) in cut near the north ed?e of the 
deposit.

13a. White granitic-textured bauxitic clay (specimen AB-74-lb) in contact with 
13b.

13b. Gray fragmental-appearing kaolinitic clay (specimen AB-74-la) in an ir 
regular body cutting granitic-textured and granular bauxite.

14. Gray fragmental-appearing clay (specimen AB-74-2) from near 13a.
15. White granitic-textured kaolinitic clay (specimen AB-74-9) adjacent to a hard 

nepheline syenite core.
16. Light-bluish-gray kaolinized nepheline syenite {specimen AB-74-10) adjacent 

to a core of fresher rock.
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TABLE 11.   Spectrographic determination percentages of minor 
elements in bauxite from type 1 deposits in Saline County

[Analyst, K. J. Murata]

Element

Ti__-_---_-_____-___---_-
Zr____ _________________ __
Mn___________ __________
Nb
Ca _ _________________

Ga-__-___-_-_-___^---__-
Mg-__-_   _______     .
V _ -----
Y_______________ _______
Cr___   _    ____   __-----_
Sr__________________   ___
Ba__________________-_- _
Cu_________________-____
Pb
Mo_____     _   ___   ---
Sc__---   --   _   --_

i

Granitic- 
textured 
bauxite

0 5 
08 
06 
04 
03 
008 
005 
004 
004 
004 
002 
002 
0009 
001

.0004

2

Pisolitic 
bauxite

0 9 
1 
1 
05 
04 
008 
008 
01 
009 
007 
007 
0004 
001 
002

003 
0005

3

Granitic- 
textured 
bauxite

0 8 
2
09 
06 
03 
02 
006 
002 
005 
006 
004 
008 
002 
001 
001

. 0007

Looked for but not found: Be, B, Sn, Ag, Bi, Sb, As, Tl, Ge, In, Co, Ni, Ta.

1. Oxidized ferruginous granitic-textured bauxite (specimen AB-74-17; from a 
weathered outcrop just above the nephellne syenite outcrop in the Prudeii mine, 
Alcoa Mining Co., NE^SWh' sec. 16, T. 2 S., E. 14 W.

2. Eed "birdseye" bauxite with black pisolites (specimen AB-80-1; fig. 15.41 from 
a mine face in the west part of the Section 16 mine, Alcoa Mining Co., SE^SW}.* 
sec. 22, T. 2 S., R. 14 W.

3. Tan granitic-textured bauxite (specimen AB-111-2; a loose "sponge ore" block 
rom the north face of the Middle Maud mine, Alcoa Mining Co., in the SW L4SEJ4 

sec. 22, T. 2 S., R. 14 W.

on further weathering. Overlying this layer, the igne 
ous texture is not so well preserved in the freshly exposed 
soft clay, but the outlines of relict feldspar crystals 
become more apparent when it has been exposed to the 
air for several days. Scattered within the clay are 
decomposition boulders of fresh to partly decomposed 
neplieline syenite that represent parts of the igneous 
rock that have resisted weathering. These boulders 
grade abruptly into the surrounding clay. Chemical 
analyses of the kaolinized rock surrounding two such 
boulderlike cores in the underclay of the Pruden mine 
are given in table 10, samples 15 and 16. Both samples 
have a composition similar to that of kaolin, but in 
sample 16, 3.7 percent of insoluble residue indicates 
that the feldspathic minerals have not completely 
altered to kaolinite.

Writers who previously have described the kaolinitic 
underclay, such as Hayes (1901, p. 447-448), Mead 
(1915), and Bramlette (1936, p. 11), have stated that 
it grades upward into the granitic-textured bauxite. 
This relationship was not found by Goldman and 
Tracey (1946, p. 571) who said:
We have nowhere seen bauxitized nepheline syenite grading 
into kaolinized nepheline syenite. The sequence from kaolin

ized nepheline syenite with more or less open texture to bauxi 
tized nepheline syenite is marked, wherever we have seen it, by 
an intermediate zone of compact kaolinitic clay, massive or with 
a pseudo-fragmental structure, but lacking an open granitic 
texture.

The experience of the writers confirms these obser 
vations. The presence in all observed sections of mas 
sive, structureless, or fragmental-appeariiig kaolinitic 
clay between bauxite preserving the texture of 
nepheline syenite and kaolin crudely preserving the 
texture of nepheline syenite indicates that the bauxite 
was not derived from the kaolin. The secondary re 
lationship of kaolin to bauxite, where the two are in 
contact, is discussed in some of the sections that follow.

IITHOLOGIC CHARACTER OF THE BAUXITE

As shown in the cross sections in figure 38 and also 
in the diagrammatic section in figure 36, tte kaolinitic 
clay is overlain by bauxite that preserves in varying 
degree the original texture and structure of tl e nepheline 
syenite. This "granitic" bauxite of the zone of leach 
ing forms an extensive layer with irregular boundaries 
above and below. A large part of this ro°.k is a soft 
crumbly greenish-gray to pale-tan, granular bauxite. 
Most of it does not preserve the igneous texture as 
well as typical "sponge ore," but a face of this rock 
has the same massive jointed character and general 
textural appearance as a face of weathered nepheline 
syenite.

In thin section the granular bauxite is seen to be 
composed chiefly of microcrystallme gibbsite aggre 
gates pseudomorphous after feldspar. The inter 
spaces are porous and contain cryptocr7stalline or 
macrocrystalline gibbsite and some ferruginous staining 
matter and locally dark-brown opaque ar^as of leu- 
coxene (anatase), some of which is pseudomorphous 
after sphene. In parts of the bauxite, pore spaces and 
veinlets are rilled with granular siderite or kaolinite 
masses and crystals.

Analyses of two typical specimens of granular bauxite 
are given in table 10, samples 9 and 10, wlich contain 
53.6 and 56.9 percent of available aluminr,. Another 
specimen, sample 11 in the same table, which was 
collected 30 inches below sample 10, has an available 
alumina content of 28.2 percent; the analyses indicates 
that the rock may contain as much as 48 percent of 
kaolinite.

The specimen of granitic-textured ore yielded the 
following chemical analysis by the triacid method.
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Chemical analysis of red gramtic-textured bauxite from the Pruden 
mine outcrop

Analyst, M. L. Lindberg, V. S. Geological Survey. Specimen AB-74-17]

Percent 

A12O 3 _________________________________._____ 57. 36

FeaOs-   - -------_-------___-______________ 8.04
TiO2 ___-__--_. ____________________________________ . 54
Ignitionloss------_-_ _______________________________ 31. 87
Insoluble_ ________________________________________ . 65

Total_-_______ ____________________ 98. 46

In thin section a network of thin sheets of microcrystal- 
line gibbsite within large gibbsite pseudomorphs after 
feldspar is coated and stained with hematite. These 
two minerals, together with ilmenite and anatase, were 
identified in the same specimen by X-ray analysis by 
J. M. Axelrod from heavy-mineral separations prepared 
by M. L. Lindberg. The titania content is low in the 
specimen, similar to that in much of the nepheline 
syenite. Anatase apparently has formed by alteration 
ol sphene and perhaps in part from ilmenite. Hematite 
apparently accounts for all the ferric iron, but at least 
part of it may have been derived from the oxidation at 
the surface of the ferrous iron in siderite.

The irregular lower contact of the granitic-textured 
zone of leaching consists of roots and scattered blocks 
of the bauxite, surrounded by massive or fragmental- 
appearing kaolinitic clay, some of which permeates 
pore spaces of the bauxite. A photograph of a part 
of the old Tank mine at Bauxite (Mead, 1915, pi. 3) 
shows the peculiarly uneven surface of a type 1 deposit 
after the ore had been removed by the selective methods 
of mining then used.

The upper contact of the zone of leaching with the 
overlying zone of concretion is likewise exceedingly 
irregular. Locally, however, it is sharp and regular, 
as in the main incline of the Section 26 mine where the 
contact was exposed along the walls from the entrance 
to the base of a 20° slope a distance of 300 feet. The 
bauxite had a granitic texture for 6 to 8 feet above the 
floor; the upper walls and roof were cut in pisolitic 
or rubbly-appearing concretionary bauxite. Most 
commonly, the contact is gradational, with every 
transitional stage present from the granitic-textured 
to the pisolitic rock. In places crude pisolites have 
formed in pockets deep within granitic-textured rock. 
These pisolites normally consist of microcrystalline 
gibbsite aggregates in the form of broken relict feldspar 
fragments, surrounded by a thin cushion of semi- 
opaque, partly iron stained cryptocrystalline gibbsite, 
enclosed in a narrow rind of the same material. These 
concretionary bodies, although well rounded, are more 
lumpy than spherical. Where the granitic-textured 
ore has broken evenly into finely divided material,

the rind structures are more symmetrical. A photo 
micrograph shown by Mead (1915, pi. 5) illustrates the 
tendency of the aluminous and ferruginous rind 
structures to seal off the nearly spherical bodies of 
finely divided fragmental bauxite.

Upward in the deposit the matrix and pisolites are 
harder and denser. They grade near the top into 
"birdseye ore," an advanced form of pisolitic bauxite 
described on page 77 and illustrated in figure 15 A. 
A chemical analysis of "birdseye ore" is given in the 
table below. Analysis of similar rock, samples 3 and 4 
from the Pruden mine, are given in table 10.

Chemical analysis of a specimen of pisolitic bauxite ("birdseye ore") 
from the Section 16 mine

[Analyst, W. W. Brannock. Specimen AB-80-1]

AloOs

Percent 

54.02
Fe2O 3_______________________________ 11. 65
TiO2____ ____   _------__-_-________ 2. 16
NaaO-   --..                           . 08
KaO___               --        --------- . 06
Ignition loss________________________-_---__----_-- 29. 31
Insoluble._______________________________ 2. 39

Total________________-_____-.___--__-----__- 99. 67

In these specimens the pisolites range from spherical 
to ellipsoidal, and are from 5 to 30 millimeters in long 
dimension. The centers are red, brown, or black, 
porcellaneous to subvitreous, and range in hardness 
from 4 to 1% on the Mohs scale. Some are formed 
around fragments of light-gray or orange bauxite in 
the shape of broken relict feldspar laths. The layered 
rinds are mostly tan or reddish to black, most of them 
are lighter than the centers, others contain darker 
layers. Many "pisolites" are indistinct and appear 
to be bodies of matrix sealed off by rind structures.

In the thin section of the specimen of which the 
chemical analysis is given in the table above, the 
pisolites are seen to be composed mostly of crypto 
crystalline gibbsite that appears isotropic between 
crossed nicols. Large parts of the centers consist of 
masses of microcrystalline gibbsite, which is also scat 
tered through the matrix. Both pisolites and matrix 
are stained brick red. Small blebs of brown and black 
opaque minerals occur within the pisolites and in the 
matrix. The pisolites and matrix are cut by a ramify 
ing network of tiny veinlets. Several large veinlets 
in the matrix are filled with kaolinite, partly obscured 
in thin section by iron staining. Tiny cavities and 
veinlets are lined with gibbsite crystals, and in places 
these cut the kaolinite masses. Latest and most com 
mon of the cavity-filling minerals is siderite in inter 
locking subhedral grains, both in the cavities and
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also in tiny veinlets, several of which are lined with 
gibbsite.

Bromoform and methylene iodide separations of the 
same specimen (AB-80-1) were examined with the 
petrographic microscope by M. L. Lindberg, and 
through X-ray analysis by J. M. Axelrod. From the 
fractions denser than bromoform the following minerals 
were recorded: Gibbsite, a trace of boehmite, siderite, 
hematite, anatase, zircon, and unidentified brown and 
black opaque minerals.

Vermicular forms of bauxite are closely associated 
with the pisolitic variety (fig. 155). These closely 
resemble the matrix of the birdseye ore and grade into 
it. The rock is evenly fine grained and consists of 
tones of brick-red to orange bauxite interpenetrated 
with drab-grayish bauxite. The drab material usually 
is along irregular tubelike bodies that resemble worm 
borings. They are commonly filled with siderite grains 
and iron oxides. Passages of this sort in bauxite have 
been discussed by Campbell (1917, p. 172), who con 
sidered that important secondary changes occur along 
them during the formation of the concretionary struc 
tures. Analysis 7a shown in table 10 is the orange- 
colored part of a specimen of vermicular bauxite; the 
sample has an available alumina content of 55.2 percent. 
The drab-grayish part of the same rock, 76 shown in 
the same table, contains more gibbsite and has an 
available alumina content of 60.2 percent. The drab- 
gray material in some bauxite specimens, however, is 
composed chiefly of kaolinite.

Another characteristic lithologic type in the upper 
part of the bauxite is a dense and cherty-looking rock 
riddled with small cavities that give it a vesicular aspect. 
A few relict feldspar crystals and indistinct round 
structures can be distinguished but no well-developed 
pisolites occur. A chemical analysis of such a rock is 
given in table 10, sample 5, containing 57.4 percent of 
available alumina. Closely associated white and piak 
bauxite that appears "scoriaceous," sample 6 in the 
same table, has an available alumina content of 53.3 
percent.

Granitic-textured bauxite also is found in the zone of 
concretion, where some of the best examples of sponge 
ore occur. This rock is limited, however, to scattered 
blocks, most of which are surrounded by thick gibbsitic 
crusts. These blocks represent the parts of the original 
granitic-textured mass that have survived the altera 
tion of the surrounding rock to concretionary struc 
tures. They generally decrease in abundance upward 
from the zone of leaching. A striking example of such 
a boulderlike block from the West Maud mine was 
photographed at the offices of the Alcoa Mining Co. at 
Bauxite (fig. 39). The block, about 15 by 12 by 8 
inches, has a light-brown to dark reddish-brown dense,

FIRURE 39.   Concretionary bauxite boulder from the West Maud mine. 
The concretion contains a soft porous core of granitic-textured bauxite 
("sponge ore"), surrounded by a thick dense bauxite rind. Scale is 
indicated by a line 10 centimeters long. Chemical analyses below.

hard bauxite shell, 1 to 3 inches thick, enclosing a core 
of tan, very porous, granitic-textured bauxite that is 
loose within the shell. The crust has an inner lining of 
granitic-textured rock, as much as 5 millimeters thick, 
which grades into the dense bauxite. The crust of 
these "boulders" generally contains a little more silica 
than the interior. Chemical analyses of several boul 
derlike blocks and their rinds, including the one de 
scribed above, are given below. Another, sample 8 
from the Pruden mine, appears in table 10.

Chemical analyses of granitic-textured bauxite ("sponge ore") 
from the zone of concretion of type 1 deposits in Saline County
mines

[Sample 1: Analyst, M. L. Lindberg. Less than 0.10 percent each of KsO an 
also are present, as determined by flame photometer by W. W. Brannock. 
Samples 2a to 4b, inclusive: Analysis, U. S. Bureau of Mines field laboratory at 
Little Rock]

AhO3-           
Si02    -       

Ti02            -

FeO___-    .    -

1

60.46
4.39
2.50
.54

31.56
.28

2a

56.5
1.5
7.0
2.2

32.3
.5

4.5

2b

62.6
.6

2.1
1.0

33.2
.5
.8

3a

61.7
.5

3.3
1.3

32.9
.3
.6

3b

59.0
1.3
4.7
1.4

33.5
.1

2.4

4a

61.9
1.4
1.3
1.5

33.3
.6
.2

4b

62.0
1.7
1.6
.9

33.4
.4
.2

1. Light tan, porous, fairly coarse, granitic-textured bauxite surrounded by a thin 
crust of pisolitic bauxite (specimen AB-111-2; loose block from north face of Middle 
Maud mine, SWMSEM sec. 22, T. 2 S., R. 14 W.

2a. Coarse granitic-texture bauxite from Section 15 mine (specimen AB-72-1; pi. 
10B), north face at west end of pit, near the south end of the NEJ^SEM sec. 16, T. 
2S., R. 14 W.

2b. Same as 2a; analysis of the fraction lighter than bromoform.
3a. Tan to ocher, soft, finely granitic textured bauxite from large boulder near 

center of Cleveland mine, NWMSWM sec. 24, T. 2 S., R. 14 W.
3b. Same as 3a, but from \*i to 1-inch dense bauxite crust surrounds boulder.
4a. Porous granitic-textured bauxite from loose core inside Alcoa boulder specimen 

(fig. 39), from West Maud mine, NEJ£NWK sec. 27, T. 2 S., R. 14 W.
4b. Same as 4a, but from compact light-brown to dark-reddish-brown crust, 1 to 3 

inches thick, which surrounds loose core of sponge ore.

Two blocks of this sponge ore have been studied by 
means of optical examination of heavy-mineral separa 
tions and by X-ray analysis. The constituent miner 
als determined by these methods appear in the tabula 
tion below.
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Minerals identified by X-ray analysis in granitic-textured bauxite 
("sponge ore") blocks from Saline County mines

Analyst, J. M. Axelrod. Heavy-mineral separations by M. L. Lindberg]

Minerals

Gibbsite
Kaolinite

Ilmenite
Anatase
Zircon

la

Light

X
X
X
X

lb

Heavy

X

X
X

v

X
X
X
X

1C

Heavy

X

v(?)
X
X
X
v

2

Heavy

X

v

X
X
v

la. Granitic-textured bauxite block from the Middle Maud mine (specimen AB- 
111-2); same as sample 1 in the table above. Slime and bromoform floats only.

lb. Same specimen, but methylene iodide sinks only.
Ic. Pisolitic bauxite crust from same block. Methylene iodide sinks only.
2. Granitic-textured bauxite block (specimen AB-80-3; fig. 14) from the eastern part 

of the Section 16 mine, SWJ^SEM sec. 16, T. 2 S., K. 14 W., from surface shown in 
figure 35B. Methylene iodide sinks only.

In the map and cross sections (figs. 37 and 38) the 
zone of concretion has been divided into two parts" 
a lower subzone in which the pisolitic structure is 
dominant, and an upper one in which the appearance 
of the structure is that of rubble. Much of the rubbly 
appearance apparently has been caused by the breaking 
apart and recementing of blocks of pisolitic bauxite, 
together with vermicular and vesicular forms and 
granitic-textured remnants. This alteration probably 
was accomplished with comparatively little downhill 
movement, at least in the part of the deposit shown in 
the plate. Farther Mownslope, however, much of this 
bauxite merges laterally with truly conglomeratic 
bauxite that fingers into the lower part of the Saline 
formation. A photograph of the rubbly surface in the 
upper part of a type 1 deposit is shown in figure 22.

In residual deposits the thickness of the zone of 
leaching relative to the zone of concretion is determined 
chiefly by the steepness of the slopes. Granitic-tex 
tured bauxite is dominant on steep slopes, whereas 
in more flat-lying parts of the deposits pisolitic and 
rubbly concretionary ore is the thicker.

HAEDCAP

The uppermost 1 to 2 feet of bauxite is in many 
places much harder or tougher than that below. It is 
generally left as a roof in underground mining opera 
tions, and is called "hardcap" by the miners. The 
top of the bauxite commonly is higher in silica than 
the parts below. Reports indicate that it has been 
necessary in many strip mines to remove 1% to 2 feet 
of high-silica bauxite from above the ore before mining.

Kaolinization of the upper part of the pisolitic baux 
ite is shown by chemical analyses of samples 1 and 2

from the Pruden mine (table 10). The gray pisolites 
and rinds that constitute sample 1 contain 18.3 percent 
of available alumina and indicate about 53 percent of 
kaolinite if all of the silica in the analysis is attributed 
to this mineral. The red interiors of some of these 
pisolites, represented by sample 2, contain 57.1 percent 
of available alumina indicating about 8 percent of 
kaolinite.

The upper part of the bauxite likewise is usually 
more indurated than the lower part. Induration and 
high silica do not in all places coincide, however, and 
miners have reported that in some localities as much as 
4 feet of very hard bauxite at the top of the section is of 
better grade than any below it.

Especially in valley bottoms or at the bases of slopes, 
the deposits are overlain by a conglomeratic bauxite 
bed with a matrix of kaolinitic or carbonaceous clay. 
Although this bed forms a covering locally high in 
silica, it is of different origin than the siliceous hardcap 
formed in place by chemical alteration, and is discussed 
under type 4 deposits.

KAOLIN VEINS IN THE BAUXITE

Kaolin veins extend upward into the bauxite from the 
irregular lower contact with the kaolinitic underclay. 
They occupy joint planes, fissures, and fractures in the 
granitic-textured bauxite, and are characteristic of the 
mines at higher elevations in the Saline nepheline syenite 
hill, but are revealed only in places where cuts have 
been made in the ore. An excellent example of this 
type of veining was exposed in the central part of the 
Alexander Hill mine in 1948. The veins are on the 
south face of a pit from which several carloads of clay 
were removed for experimental purposes and above 
which a 15-foot blanket of ore had been mined. The 
face shown (fig. 40 A) is predominantly tan granitic- 
textured bauxite which appears to have formed from 
nepheline syenite in place. It is cut by anastomosing 
white kaolin veins, some of which are 8 inches wide. 
The arrangement of the veins indicates an original 
joint pattern of the nepheline syenite. The kaolin 
appears massive, structureless, or locally fragmental, 
and nowhere does it have a granitic texture.

Westward and downslope along the south face of the 
pit, as well as downward in the section, the kaolin 
veins are wider and the remnants of granitic-textured 
bauxite are small, irregular, and scattered (fig. 40J5). 
Blocks of grayish-brown, granitic-textured bauxite are 
surrounded by large masses of kaolinitic clay with a 
fragmental-appearing texture, alined along veinlike 
cracks. The boundaries of the bauxite blocks are 
almost parallel to the veining which indicates that the 
veins commonly formed along joints. The clay appears 
to have formed at the expense of the bauxite. The
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bauxite blocks are probably the small remnants of a 
once continuous mass of granitic-textured bauxite. At 
the west end of the clay pit and still lower in the section, 
much of the kaolinitic clay preserves the texture of the 
nepheline syenite, but it is separated from the granitic- 
textured bauxite by at least 3 feet and in most places 
by more than 10 feet of the massive or fragmental- 
appearing clay.

Veining has also been observed at the east edge of 
the Elrod mine, where remnants of a type 1 deposit 
truncated by erosion are preserved.

Veins along nearly straight fractures are exposed in 
the African Camp mine. Ferruginous kaolinitic clay 
veins, as much as 10 inches wide, form a network 
cutting granitic-textured bauxite, and appear to have 
formed along relict joints in the bauxite inherited 
from joints in the parent nepheline syenite (fig. 42). 
A sketch of an 8-inch vein showing well-defined zones 
of kaolinitic clay fragments and small ferruginous 
nodules is shown in figure 41. As the bauxite preserves

FIGURE 41. Symmetrical zoning of a kaolinitic clay vein in granitic-textured bauxite. 
Ferruginous fcEolinitic clay vein (a), 8 inches wide, with a massive grayish-brown 
matrix, cutting granitic-textured bauxite (6) into blocks that are rimmed by 
mottled red and white kaolinitic clay (c). Vein (a) contains small angular bodies 
of white clay concentrated at (d); larger ones at (e) are elongate and feather into the 
matrix at right angles to the trend of the vein. Ferruginous nodules are heavily 
concentrated at the center of the vein (/), and to a lesser evrent in the middle of 
zone (d).

the original texture of the nepheline syenite and the 
clay veins do not, the formation of the clay veins must 
have occurred later than the bauxite. Moreover, the 
zonation of the veins and the structure of the small 
kaolin bodies indicate a formation primarily by replace 
ment or alteration rather than a filling of open fissures 
by clay carried in suspension by downward percolating 
waters.

Where the joint structures of the original nepheline 
syenite did not exert a pronounced control, particularly 
in the concretionary zone where pisolites have formed, 
the kaolin veins are distributed irregularly through the

bauxite (fig. 43). Irregular braided veins of kaolin, 
as much as 5 inches wide, cut the bauxite in the Norton 
mine (fig. 40(7, D). They apparently cut the baux 
ite from beneath, and die out upwards before reach 
ing the surface of the deposit.

In addition to the veins that can be seen readily, 
numerous tiny veinlets cut the bauxite, and aggregates 
of kaolinite fill minute cavities. Kaolinization also 
permeates extensive bauxite masses without obvious 
channels or veins (fig. 44). These features are abundant 
near the base of the deposits, or in bauxite surrounding; 
boulderlike cores of kaolinized nepheline syenite. 
They resulted in the high silica content of the bauxitic 
rock that borders large kaolin bodies, as shown in 
chemical analyses of samples 11 and 13a in table 10.

IRREGULAR CLAY BODIES

Clay bodies more irregular in shape than the kaolin 
veins are common throughout the bauxite section. 
The miners refer to them as "clay horses" (Branner, 
1932, fig. 27). Mead (1915, p. 37) called attention 
to the relative abundance of these clay bodies in the 
early mines as follows:

In places the underlying clay extends through the bauxite 
to the surface, and throughout the bauxite beds horses and 
stringers of clay are so abundant that in the average case 40 
percent of the material handled in mining must be discarded 
as waste. This figure is greatly exceeded in some places. The 
clay horses are everywhere abundant they occur in every variety 
of shape and size, and add greatly to the cost of mining.

An example of such a clay body, from the Pruden 
mine, is shown in figure 45, taken from Goldman and 
Tracey (1946, fig. 4). The clay has invaded the bauxite 
irregularly. Lateral branches and tongues extend out 
ward almost horizontally from the center of the mass 
and are overlain and underlain by undisturbed residual 
bauxite with a well-defined granitic texture. The clay 
is at the top of the bauxite and also downward as far 
as the mine cut permitted observation nearly to the 
base of the bauxite. Goldman and Tracey (1946, p. 
572) stated that apparently the direction of kaoliniza- 
tion was downward but the writers believe that it is 
not clear from which direction the kaolinhation 
originated.

The clay appears fragmental; the matrix is light to 
neutral gray or reddish, and contains scattered light- 
and dark-gray fragments. Fragments of kaolin that 
appear to be clastic actually have formed in place by the 
resilication of bauxite along fissures and joints. The 
rock, thus, has a pseudofragmental texture as pointed 
out by Goldman and Tracey (1946) and is not formed 
of kaolin and bauxitic clay fragments that have been 
transported and redeposited. A hand specimen is 
shown in figure 46 in which the clay is in contact with
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FIGURE 43. Kaolin veining in a rubbly bauxite surface. Kaoiinitic patches are 
small irregular light-gray bodies in the darker bauxite. Photograph taken in the 
Section 16 mine a few feet downslope from figure 22.

FIGURE 44. Mass kaolinization of granitic-textured bauxite in a type 1 deposit. Face 
in the Section 15 mine, ISO feet north of the portal of the Da vis underground mines 
showing a rounded kaolinitic mass that has formed at the expense of the bauxite

granitic-texture bauxite. Megascopically the contact 
appears to be sharp, with few irregularities. Bauxitic 
fragmentlike bodies in the clay have remnants of a 
granitic texture. Chemical analyses of such clay show 
that it approaches kaolin in composition but is slightly 
gibbsitic; typical examples are samples 13b and 14 in 
table 10, collected 65-70 feet away from the face shown 
in figure 45 on the opposite side of the mine cut.

Adjacent to the clay, the bauxite is high in silica and 
usually falls within the chemical limits of a bauxitic clay. 
A chemical analysis of a white granitic-textured rock 
adjacent to the gray fragmental-appearing kaolinitic 
clay of sample 13b, table 10, is given in 13a in the same 
table. Samples 1 and 12 are similar bauxitic clay. 
Sample 1 is from the upper part of the zone of leaching; 
it has a concretionary structure of gray pisolites in a

FIGURE 45. Irregular kaolin body in bauxite. Photograph of face near north 
edge of the Pruden mine, in which kaolinitic parts (fc) are distributed irregularly 
through granitic-textured bauxite (bx). Scale is indicated by hammer near cen 
ter of photograph. Note point marked X from which specimen illustrated in 
figure 46 was collected.

FIGURE 46. Kaolinitic vein in bauxite. Light-gray kaolinitic clay in contact with 
mottled brown and green granitic-textured bauxite. Dark remnants of granitic- 
textured bauxite resembling fragments can be seen in the clay. Specimen from 
point marked X in figure 45.
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red matrix. Sample 12 is a pale-gray porous clay from 
the lower part of the bauxite section.

DECOMPOSITION BOULDERS OF KAOLINIZED NEPHELINE SYENITE

Writers have mentioned the boulderlike bodies of 
kaolinized nepheline syenite, from about 1 to 20 feet 
in diameter, that are scattered through the bauxite in 
some places. Photographs of them have appeared in 
reports by Mead (1915, p. 45, fig. 5, pi. 6) and by G. C. 
Branner (1932, pi. 9, fig. A). They are generally cited 
as proof that the bauxite was formed as the end product 
in the weathering cycle from nepheline syenite to kaolin 
to bauxite. The present report agrees with Goldman 
and Tracey (1946) in questioning this interpretation 
that kaolin is necessarily an intermediate stage in the 
formation of bauxite; the question is discussed later in 
the section on origin.

The boulderlike bodies are confined to type 1 de 
posits. As pointed out by Mead (1915, p. 46) they are 
decomposition boulders formed in place by the weath 
ering of the nepheline syenite, and are hard cores that 
remained unweathered. Many can be found in the 
Maud, Pruden, Section 26, and Julia mines. A large 
one in the Section 26 mine is shown in plate WD. The 
largest and most abundant occur where slopes are steep 
and residual ore is thick, and apparently are more con 
centrated along the axes of spurs of nepheline syenite. 
This distribution is illustrated in the map of a part of 
the Pruden mine (fig. 37). Residual nepheline syenite 
boulders are common along the axis of the body (fig. 38, 
C-C'), but have not been found on the flanks on either 
side, although the deposit has been reexamined since 
being mined.

A study in considerable detail was made by Goldman 
(1949, p. 1890; 1955, p. 586-609) of a suite of seven 
thin sections from specimens collected from a large kao- 
linitic boulderlike core in the Section 26 mine near the 
one shown in plate IOD. A diagrammatic section of 
such a decomposition boulder is shown in figure 47, 
drawn to indicate schematically the observed relation 
ship with the surrounding rock. The specimens were 
collected from the center outward through a surround 
ing rim of kaolinized granitic-textured bauxite and 
pisolitic bauxite. Locations are shown by numbers on 
figure 47, and photomicrographs of the sections appear 
in plates 12 and 13.

The first thin section, from the central part (pi. 12 A), 
shows partial kaolinization of the rock core. Feldspar 
and possibly feldspathoid minerals have been partly 
replaced by kaolinite and by siderite. Some of the 
feldspar grains appear to he completely kaolinized; 
others are largely unaltered. Kaolinite of two genera 
tions is identifiable; one earlier than the siderite, the

FIGURE 47. Relations of kaolinitic clay and bauxite surrounding a boulderlike core 
of nepheline syenite in a residual bauxite deposit. Partly kaolinized nepheline 
syenite core (a) grading into completely kaolinized syenite (6) that retains no 
relict texture, is surrounded by light-colored bauxite and bauxitic clay containing 
much kaolinitic clay (c). The boulderlike body is in a residual deposit of granitic- 
textured bauxite (d) overlain irregularly by pisolitie bauxite (e). A thin limonitic 
layer (/) separates the light-colored kaolinized bauxite of the core from the un- 
kaolinized bauxite outside. Numbers show the locations of specimens 1-7, photo 
micrographs of which appear in plates 12 and 13.

other later. The earlier kaolinite is in groups of dirty- 
looking flakes, of very weak birefringence, that contain 
a dust of tiny grains, of high birefringence. These 
grains are too small for positive identification but appear 
to be siderite. The later kaolinite is in clear-looking 
veinlets cutting along cleavage planes in the feldspar, 
and irregularly through and around siderite and earlier 
kaolinite. Much of it is in well-formed long, sinuous, 
wormlike crystals. Some of these crj^stals follow earlier 
siderite veinlets.

The second thin section (pi. I2B) is from the kao 
linitic outer part of the hard rock core. The original 
texture of the nepheline syenite is not preserved. The 
kaolinite is mostly in flakes and masses that appear 
somewhat contorted.

The third thin section, representing the rock immedi 
ately adjacent to the second, is from the inner part of 
the broad, light-colored zone of bauxite and kaolinitic 
clay (fig. 47c) surrounding the central core. It is 
composed predominantly of gibbsite partly replaced by 
kaolinite (pi. 12(7). Like the kaolinite in the second 
thin section, the gibbsite appears contorted and appar 
ently has undergone flowage. In the less disturbed 
parts the shapes of relict feldspar crystals can be rec 
ognized in the microcrystalline gibbsite aggregates.
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The fourth thin section (pi. 12Z>) was cut from the 
same layer, about 2 feet outside the third specimen. 
Microcrystalline gibbsite aggregates preserve the relict 
structures of the original feldspar laths. Pseudomorphs 
of leucoxene after skeletal sphene crystals are scattered 
through the rock. A few spaces between the relict feld 
spar laths contain an iron-stained "amorphous" sub 
stance, probably cryptocrystalline gibbsite, but most of 
the interspaces are filled with kaolinite in light-gray fine 
grained masses. At one end of the thin section the 
kaolinite masses are separated from microcrystalline 
gibbsite aggregates by a lining of minute gibbsite crys 
tals that jut out into the kaolinite; these also line open 
cavities.

In the fifth thin section 3 inches from the fourth the 
formation of crude pisolites from the granitic-textured 
rock is illustrated (pi. 13.4, B). The most primitive 
forms consist of micro crystalline gibbsite pseudo- 
morphous after feldspar fragments, surrounded by a 
thin envelope of brownish cryptocrystalline gibbsite, 
and an outer lining of tiny gibbsite crystals, like those 
in the fourth thin section. Other pisolites contain 
groups of light-brown oolites and fragments in crypto 
crystalline gibbsite, also lined with tiny gibbsite 
crystals. The space surrounding the pisolites is com 
monly occupied by kaolinite masses in which tiny 
curved vermicular crystals of the same mineral are 
found.

The sixth thin section (pi. 13 C] from the outer part 
of the light-colored layer (fig. 47c) is similar to the 
fifth, but the pisolites are more abundant and smaller; 
both pisolites and interspaces contain a greater propor 
tion of the cryptocrystalline form of gibbsite; and the 
light-gray kaolinite masses are confined to irregular 
veins and cavities between the pisolites. Many are 
lined with tiny gibbsite crystals as hi the two preceding 
slides. Dark-brown leucoxene and a black opaque 
mineral, possibly ilmenite, occur in irregular blebs in 
the bauxite.

The seventh thin section, immediately adjacent to 
the sixth, is from the limonitic layer (fig. 47/) 
surrounding the boulderlike mass and separating it 
from dark-colored granitic-textured bauxite (fig. 
47d). In this outermost thin section (pi. 13Z>) the 
bauxite is broken into fine fragments and oolites 
rimmed with the cryptocrystalline gibbsite. The 
larger pisolites contain microcrystalline gibbsite masses, 
some of which are recognizable as relict feldspar 
crystals. Kaolinite occurs in some of the interspaces 
but is badly obscured by the iron staining. The limo 
nitic layer, averages about 2 centimeters in thickness 
and completely envelops the "boulder." Such layers are

associated with nearly all the boulderlike cores. The 
limonitic bands cut across kaolin veinlets and gibbsitic 
bodies, obscuring some of the relationship between the 
aluminous rocks. They normally are located at the 
limit of porous bauxitic rock, where it abuts much less 
porous bauxitic and kaolinitic rock, therefore circu 
lating waters containing iron in solution probably 
deposited iron oxides along the edge of zones of sharply 
decreased porosity. This may have taken place at a 
comparatively recent date, possibly at the same time 
the ferruginous banding of some of the bauxite was 
produced (fig. 48).

FIGURE 48. Ferruginous banding of bauxite by ground water. Fluctuation of 
ground water has left narrow subparallel brownish-red bands in the bauxite seen 
in section in a cut. Photograph by A. L. Jenke.

The following relations can be summarized from the 
seven thin sections described above and from field 
observations:

1. In the central part of the "boulder" nepheline syenite has 
been partly altered to kaolinite and siderite.

2. Toward the outer edge of the kaolinitic part the texture of the 
original nepheline syenite has not been preserved.

3. The contact with the inner edge of the kaolinized gibbsitic 
part is sharp.

4. Both the kaolinitic and gibbsitic rock have been distorted at 
their contact in a manner resembling flowage.

5. Relict structures of gibbsitized feldspars and of concretionary 
pisolites are nearly effaced by kaolinization.

6. The proportion of kaolinite decreases outward.
7. The limonitic envelope is situated at the inner edge of porous 

bauxite and separates kaolinized from unkaolinized 
bauxite.

KAOLIN-BAUXITE TRANSITION

Several series of chemical analyses to study the grada 
tion from unaltered nepheline syenite to bauxite were 
made a few years ago by R. C. Cross, chief chemist for 
the Alcoa Mining Co. Cross and the company have
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kindly permitted the writers to reproduce three of 
these suites of analyses. Most of them were taken 
from, the transition in boulderlike cores found in the 
working faces of Saline County mines. Careful anal 
ysis of samples taken at small intervals of the transi 
tion, such as has been done by Cross, shows that the 
change from clay to bauxite is locally abrupt, and the 
gradation is not as regular as formerly supposed. Con 
sidering the secondary relation of kaolin to bauxite as 
shown in the thin sections described in the foregoing 
section, this is what might be expected.

The first series of analyses were run on saw cuttings 
from, a block of clay and bauxite, 2 by 3 inches in 
cross section. The block, placed in a mitre box, was 
sectioned with a hacksaw blade, parallel to the planes 
of similar lithology. The samples are consecutive and 
each represents an approximate oiie-eighth-inch cut

from the face of the block. The total thickness of the 
block was about 3 inches. The table below shows the 
abrupt transition from clay to bauxite.

The analyses show that the soda, potash, and lime 
present in the original nepheline syenite have been 
largely leached out in both the clay and the bauxite. 
The relative content of manganese oxide, on the con 
trary, has been increased particularly in the bauxite.

Partial analyses of specimens collected in sequence 
across decomposition boulders in the Neilson and Davis 
underground mines near Bauxite are given in the tabu 
lation below. The samples were taken at 1- to 6-inch 
intervals from the core outward. Only the percentage 
of silica, total iron as ferric iron oxide, and titania are 
given, but the grade of the bauxite or clay can be 
approximated by examination of the silica content, 
where the iron oxide is low.

Chemical analyses of the clay-bauxite transition in a 8-inch block taken at one-eighth-inch intervals 

[Analyst, R. C. Cross, Alcoa Mining Co., Bauxite, Ark.]

Sample

1
2
3
4
5
6
7
8
9

10
11
12

Rock

Clay__-____________-_. ________
_____do_-___             __-   

do
Bauxite

_---_do__________---^_-____ ___
_   _do__      --   -. --------
    _do___        .        ._-
_____do__              -___-

do
do
do
do

AlzOs

38. 14
37.60
44.56
51. 83
51.65
52. 95
53.90
55. 30
56.40
57.54
58. 85
60.20

SiO2

43. 13
42.42
30.56
17.68
19. 40
16. 83
15.50
12. 22
9.29
7.47
4.27
2. 41

Fe as Fe2Os

1. 69
2.00
1.60
1.57
1.50
1.50
2. 12
1.43
1. 69
1. 69
2.00
1. 81

TiO2

1.85
2.95
2.30
2.45
2.50
2.25
1. 14
2.04
2. 10
2. 10
2. 15
2.03

Ignition 
loss

14.52
14. 13
20.02
25. 18
24.49
25.51
25.77
27. 63
29. 12
30. 10
31.63
32.18

Na2O

0.10
. 13
. 11
. 11
. 10
.06
.08
. 11
.09
.04
.02
.03

K2O

0.06
.05
.04
.07
.06
. 11
.09
.08
.07
.01
.03
.04

CaO

0. 16
. 15
. 16
. 15
. 16
. 15
. 13
. 12
. 10
.09
.09
.09

MnO

0.35
.57
.75
.96
. 14
.64

1.27
1.06
1. 14
.96
.96

1.21

Partial analyses of a series of samples from a hard core of unaltered 
nepheline syenite outward to high-grade bauxite, in the Neilson 
mine, slope 5A, crosscut 4, NW%NW% sec. 26, T. 2 S., R. 
14 W.

[Analyst, R. C. Cross, Alcoa Mining Co., Bauxite, Ark.]

Sample

2
3       
4       
5       
5A.___ ...  
5B__._   
6       
6A__ _ ... _.
6B     ___
6C_. . _______
6D_____.__-_
7__.     
7A __ ______
8       
8A ___ _____
8B_.    __
8C_ ____ _.
8D__________
8E_      

Distance 
from core 
(inches)

0)

6
12
18
24
30
32
34
36
38
40
42
44
45
46
47
49
55
61
67

Lithologic description

nite.

 ..do   _           

Clay.           

  do           
  _ do             

._  do      _         
do

  do           
do

  do         _      
  do            
  do ...     _ _________
 __do           .___ _

Si02

f(R Rd

14.80
25.58
43.13

43.00
42.67
42.87
30.35
38.06
27.36
15.86
30.08
29.68
21.76
5.18
3.44
.93

1.32
.86

Feas
Fe2O3

1.75

46.15
2a55
2.00
2.00
2.00
2.25
1.90
1.45
1.35
1.55
1 60
1.55
1.55
1.70
1.90
1 60
1.70
1 60
1.55

Ti02

0.50

.55

.75
1.10
1.15
1.15
1.10
1.10
1.20
1.15
1.25
1.35
1.35
1.50
2.00
1.65
1.45
1.45
1.30
1.35

' At core.

Partial analyses of a series of samples from a hard core of nepheline 
syenite outward into high-grade bauxite, in the Davis mine, 
drift 3, SEYtNWy* sec. 22, T. 2 S., R. 14 W.

[Analyst, R. C. Cross, Alcoa Mining Co., Bauxite, Ark.]

Sample

1
2

3

4 
5
6

7
8
9

10
11
12
13
14
15
16

Lithologic description

Slightly weathered concentric shell surround-

Second concentric shell around boulder; day

Early phase of clay, 2 inches from sample 3-  

Abrupt change to bauxite, 1 inch from sample 
5. ___ _ _ -. . _. _ _ . _ ___ ___

Bauxite:

IJi inches from sample 8. .

6 inches from sample 13. ___ _ _ _ _

Si02

55.36

52.00

49.82
46.04 
41.76

8.34

5.43
6.65
4.09
3.29
6.41
2.37
2.58
2.12
1.76
1.73

Feas 
FessOs

4.25

4.30

4.70
1.85 
2.90

1.55

1.40
1.40
1.35
1.35
1.10
1.30
1.40
1.45
1.50
1.85

Ti02

1.20

1.25

1.20
1.30 
1.60

2.30

2.25
1.95
2.05
2.10
1.85
2.10
1.90
1.85
2.00
1.80

In the sequence from the Davis mine, the change from 
clay in sample 5 to bauxite in sample 6 within the space
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of 1 inch, and an accompanying decrease in silica from 
more than 40 percent to less than 10 percent, is no 
more abrupt than the change shown in the first of the 
three tables for which the samples were taken at a 
much closer spacing.

RELATION TO OVERLYING SEDIMENTS

Nearly all the type 1 deposits are overlain uncon- 
formably by silty to sandy carbonaceous clay and 
brown or light-gray to white micaceous sand of the 
Saline formation. Tongues of bauxite and clay are 
interbedded with these sediments adjacent to bauxite 
deposits. The sediments normally have a flatter dip 
than the surface of the bauxite deposits and pinch out 
against them.

RELATION TO OTHER TYPES OF DEPOSITS

Throughout large areas the basal bed of the Saline 
formation is a conglomerate of bauxite boulders in a 
bauxite or clay matrix. Downslope the clay matrix 
commonly is carbonaceous. These rubble beds of 
bauxite in the basal Saline are described in more detail 
under type 4 deposits, on page 133. In places they 
merge downward into type 1 deposits so gradually 
that it is impossible to detect any boundary between 
the two.

Patches of granitic-textured bauxite in place beneath 
the fragmental kaolinitic underclay of type 2 deposits 
were noted in the Rurnmel and Alford ore bodies in 
Pulaski County and the Harris ore body in Saline 
County. Similar granitic-textured bauxite patches 
and kaolinitic decomposition boulders merged with 
pisolitic bauxite beneath the upslope part of type 2 
deposits in the Rauch Estate and Rauch Owned mines 
in Pulaski County and in the Elrod mine in Saline 
County.

MINES

Type 1 deposits have provided all or most of the ore 
extracted in the following mines: African Camp, 
Alexander Hill, Annie, Bertha, Bertha Extension, 
Cargill group, Cleveland, Cleveland-Evans, Davis, Ella, 
Globe 28, Granite Branch, Johnson, Julia, Lantz, Lone 
7th, Maggie, Martin group, Mary, Maud group, Mine 
14, Mittie, Neilson, Norton, Old Globe, Ozark 24, 
Ozark 28, Pruden, Pruden Extension, Section 10, Sec 
tion 14, Section 15, Section 16, Section 26, Smith, 
Spring Hill, Steam Shovel, Stringtown, Tank and 
Washer, all in Saline County.

TYPE 2. DEPOSITS IN THE BAUXITE-KAOLIN FACIES OF 
THE BERGER FORMATION

DISTRIBUTION

Type 2 deposits flank the Pulaski, Bryant, and 
Saline nepheline syenite hiUs. The locus of their 
distribution is the buried upslope edge of the marine

sediments of the Midway group where they thin out 
against hills of igneous rock (pi. 7). From this sinuous 
line encircling the hills the deposits extend downslope 
across the Midway surface as much as a mile in Saline 
County and as much as three-eighths of a mile in 
Pulaski County. They extend up the weathered 
nepheline syenite surface to the upper edge of the Ber- 
ger formation, of which the bauxite bodies and their 
associated kaolinitic clay deposits constitute an apron- 
like local facies adjacent to the nepheline syenite rocks.

UNDERLYING ROCKS

The deposits and their enclosing kaolinitic envelope 
lie on the unevenly weathered kaolinitic surface of the 
nepheline syenite and included pendant rocks; on the 
Wills Point formation; and in a few places on shoreward 
beds of the Kincaid formation where the Wills Point is 
absent above it, either owing to erosion before deposi 
tion of the Berger, or possibly because of nondeposition.

RANGE IN ALTITUDE

In Pulaski County, bauxite in type 2 deposits is 
found throughout a vertical range of about 355 feet. 
Outcrops adjacent to the principal pit mines reach 
altitudes between 280 and 295 feet. The altitude of 
the deposits decreases in a south-southeasterly direction 
in accordance with the regional dip of the Berger 
formation with which they are associated. The deepest 
bauxite, 60 feet below sea level, has been recorded in 
the Cole deposit, the southeasternmost in the Pulaski 
district.

In Saline County the deposits have a vertical range 
of 620 feet. The Harris, Hardy,and Elrod ore bodies 
along the northwest slope of the Bryant nepheline 
syenite hill, in places reach an altitude that ranges from 
360 to 380 feet above sea level. At the northwest end 
of the Saline nepheline syenite hill type 2 deposits, 
such as that worked in the Poodle mine, reach an alti 
tude of about 300 feet. The deposits lie at progres 
sively lower altitude south-southeastward as in Pulaski 
County. The deepest bauxite, 240 feet below sea level, 
has been recorded in the Long-Bell deposit, the south 
ernmost known in the bauxite region.

SHAPE AND RELATION TO THE POST-MIDWAY EROSION SURFACE

All the deposits are lenticular and grade outward 
into kaolinitic clay. Their shape apparently depends 
upon the volume and grade of bauxitic colluvium that 
moved and accumulated downslope before and during 
their formation, upon the configuration of the subsur 
face valleys in which the material was deposited, and 
upon the amount of active fluviatile erosion during 
transportion and deposition. These factors are dis 
cussed in the section on origin. In some broad, shallow 
subsurface valleys the deposits are laterally and irreg-
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ularly elongate and form a continuous blanket along 
the slopes and minor tributary valleys. Examples are 
the Ratcliffe deposit in Pulaski County and the Harris 
and East Bauxite deposits in Saline County. Those 
flanking the northwest side of the Bryant hill and the 
west side of the Saline dome are continuous along the 
slopes for more than a mile. In all these deposits the 
colluvial detritus that accumulated originally probabrv 
contained a considerable amount of high-grade bauxite 
deposited by mass wasting, perhaps in part by mudflow, 
from type 1 deposits on the higher slopes.

In long, narrow tributary valleys the bauxite deposits 
are elongate and lobate in plan along the sides of the 
valleys, their long axis almost parallel to the trend of 
the valley. Plate 25 shows a group of deposits of this 
type in sees. 16 and 21, T. 1 S., K. 12 W., Pulaski 
County. The centers of the valleys usually do not 
contain minable bauxite. A few of the smaller valleys 
are filled with bauxite and centers of the wider valleys 
are filled with kaolinitic clay that contains scattered 
fragments of bauxite and kaolin.

The stripped surface of a type 2 deposit, in the 
Section 35 mine, Saline County, is shown in figure 61. 
These bauxite bodies do not have as steep surface 
slopes as some of the type 1 deposits. In many type 2 
deposits the upslope parts dip from 4°-6° toward the 
valley. Dips of more than 8° are rare but have been 
recorded in several Pulaski County bodies. A maxi 
mum dip of 8° was noted in the upslope part of the 
deposit underlying the Confederate Home property at 
Sweet Home, one of 9° in the E. A. Dixon deposit; 11° 
in the South Heckler deposit, and 11%° in the Harrison 
deposit; the last three mentioned are all in the Jennings 
Lake area. These dips are controlled by steep slopes 
on the underlying post-Midway erosion surface.

THICKNESS

Bauxite of minable grade in type 2 deposits commonly 
reaches 20, but rarely exceeds 30 feet in thickness. The 
average thickness of minable bauxite in these bodies 
is generally between 12 and 14 feet. The greatest 
thickness recorded by the Federal drilling program in 
a type 2 deposit was 43 feet of bauxite averaging 43.7

percent available alumina, in the East Bauxite deposit 
in Saline County. Greater thicknesses have been 
reported in some company drill holes, for example: 62 
feet that averaged 45.5 percent of available alumina in 
a drill hole in the Dixie No. 2 mine, Pulaski County; 
and 48 feet of bauxite that bottomed in ore and averaged 
more than 53 percent available alumina in an Alcoa 
drill hole in sec. 20, T. 2 S., R. 14 W., Saline County. 
In these cored sections, it is not known whether all or 
only part of the bauxite belongs to a type 2 deposit. 
The section in the Dixie drill hole almost certainly con 
tains bauxite of alluvial deposition in the upper part, 
as stratified bauxite has been recorded from nearby 
parts of the same mine.

BAUXITE-KAOLIN FACIES IN CROSS SECTION

The bauxite-kaolin f acies in vertical section includes 
all the rock lying between the post-Midway erosion 
surface below, and the overlying clastic and carbona 
ceous beds of the Wilcox group. The upper surface is 
irregular because the Wilcox sediments tongue into the 
upper part of the bauxite-kaolin facies at a low angle. 
A typical vertical section through a type 2 deposit 
includes three principal lithologic units: a kaolinitic
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FIOOBE 49. Diagrammatic section of a type 2 deposit.

EXPLANATION OF PLATE 9 

FRESH AND WEATHERED IGNEOUS ROCKS

A, Gray fine-grained feldspathic rock cut by parallel veins of coarse gray quartz syenite. An original shale of Paleozoic age 
apparently has been altered to feldspar and biotite. Hand specimen from an outcrop near Bauxite, Saline County. Natural 
size.

B, Pulaskite, showing the effects of early Tertiary weathering. The rock is dark gray and fresh below, light gray and kaolinitic 
above. Sawed face of core specimen (AB-1136-1) from USBM drill hole 1136, depth 287 feet, F. T. Sipes property, near 
the NE cor. sec. 15, T. 1 S., R. 12 W., Pulaski County.

C, Photomicrograph showing details of kaolinization of rock in figure B. Whitish areas are remnants of unaltered feldspars; 
dark-gray areas within these are largely kaolinite; outside are mostly feldspar: black areas are holes in thin section. Weather 
ing emphasizes zonation of feldspars. Crossed nicols.
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PLATE 10

NEPHELINE SYENITE AND GRANITIOTEXTrRED BAUXITE

A, Gray nepheline syenite showing typical arrangement of white feldspar laths. Hand specimen (AB-201-1) from quarry on
east side of Arch Street Pike in the NEJ4 sec. 28, about 3 miles south of Little Rock. Natural size, 

B, Tan porous granitic-textured bauxite ("sponge ore") derived from a coarsely crystalline variety of nepheline syenite and still
retaining relict texture of parent rock. Hand specimen (AB-72-1) from west part of Section 15 mine. Chemical analysis
given on page 110. Natural size. 

C, Photomicrograph showing anatase pseudomorphous after sphene in granitic-textured bauxite. Anatase appears black in the
photograph. Most of the granular material is microcrystalline gibbsite which also lines cavities in the titaniferous crystals.
Gibbsite pseudomorphous after feldspar appears at bottom and left edges of the photograph. Darker areas are iron stained;
lightest areas are holes in the section. Thin section (AB-80-3) from specimen shown in figure 14 and plate 11D. X 18 

D, Large kaoliriitic decomposition boulder in the Section 26 mine. Inner part of kaolinized nepheline syenite in concentric shells,
one of which forms rounded smooth surface at center, is surrounded by a light-colored layer of kaolinized bauxite and kaolinitic
clay. Contact with darker bauxite outside is somewhat abrupt and marked by a narrow (very dark) limonitic layer.

452763 58   9



PLATE 11

PHOTOMICKOGKAPHS OF NEPHELINE SYENITE AND GKANITIC-TEXTUBED BAUXITE

A, Gray nepheline syenite. Thin section showing nearly opaque laths of microperthitic feldspar (/) enclosing translucent wedge- 
shaped bodies of analcine (an) that have replaced nepheline, and scattered crystals of biotite (6) and sphene (s), partly torn 
in sectioning; lightest areas are holes in slide. Chip sample (AB-201-llb) from quarry on Arch Street Pike, 3 miles south 
of Little Rock, Pulaski County. Chemical analysis on page 61; spectographic determination given on page 61. X 17.5

jB, Tan granitic-textured bauxite. Thin section (AB 111 2) from specimen showing light-gray translucent areas of microcrystalline 
gibbsite that have replaced feldspar laths; dark nearly opaque areas of cryptocrystalline gibbsite stained with iron oxides; 
and white pore spaces. X 17.5

C, Gray coarse porphyritic nepheline syenite. Thin section showing large microperthitic feldspar cysytals (/) full of small inclu 
sions in a coarse ground-mass predominantly of orthoclase, together with nepheline and small amounts of sodic plagioclase, 
aegerine, sphene, and apatite. Chip sample (AB-310-lb) from road cut 0.6 mile east of Bauxite, Saline County. Crossed 
nicols. Chemical analysis given on page 61; spectrographic determination given on page 61. X 17.5

D, Feldspar lath replaced by microcrystalline gibbsite in granitic-textured bauxite. Both lath and groundmass are gibbsite; 
black areas are holes in rock. Note preservation of feldspar cleavage. Thin section from specimen (AB-80-3) shown in 
figure 14. Crossed nicols. X 17.5
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PLATE 12 

TYPE i DEPOSIT: PHOTOMICP.OGKAPHS OF THE ROCK SEQUENCE IN A KAOLINIZED DECOMPOSITION BOULDER

A, Partly kaolinized nepheline syenite at core. Lightest areas are kaolinitic masses; medium-gray areas are partly altered feldspar;
scattered dark-gray grains and narrow wedges are siderite; black spots are anatase and possibly altered biotite. X 9. 

B, Pseudofragmental kaolin near outer part of central core. The confused mass is composed almost entirely of kaolinite (light
gray to gray) with some scattered siderite (dark gray) and blebs of anatase (black). X 9. 

C, Gibbsitic rock 1 inch beyond that shown in the preceding figure. The rock is composed largely of gibbsite (fairly dark gray)
which appears to have replaced feldspar laths, but the granitic texture has been disturbed and the bauxite distorted by
flowage. Kaolinite (light gray) fills the pore spaces and locally replaces the gibbsite. Black spots are anatase and opaque
iron and titanium minerals. X 9. 

D, Granitic-textured bauxite with interspaces filled by kaolinite. In this specimen, collected 2 feet outside that shown in figure
C, the relict granitic texture of the gibbsite pseudomorphous after feldspar is preserved almost intact. Medium-gray
areas are gibbsite, darker where stained by ferric iron; light-gray material in cavities is kaolinite; white areas are cracks in
section. X 9.



PLATE 13

TYPE i DEPOSIT: PHOTOMICROGRAPHS OP THE ROCK SEQUENCE IN A KAOLINIZED DECOMPOSITION BOULDER CONTINUED

A, Group of primitive pisolites in a matrix of secondary kaolinite. This section illustrates the formation of pisolites from granitic- 
textured bauxite by the envelopment by rind structures of fragments and masses of microcrystaliine gibbsite. One large 
ellipsoid is composed of a conglomeration of bauxite fragments, oolites, and small pisolites. Many pisolites are crypto 
crystalline and ferruginous (dark) toward the outer margin. The light-gray matrix is kaolinite. Note that kaolinite has 
not entered the large compound pisolite, which contains empty cracks and cavities (white). X 9.

B, Same section between crossed nicols. Microcrystalline gibbsite, and scales appear white; kaolinite, cryptocrystalline gibbsite, 
and iron-stained areas are dark. Note the layer of tiny gibbsite crystals that appear as a white thread around some pisolites. 
These crystals project outward into kaolinite masses. X 9.

C, Pisolitic bauxite containing cavities and cracks filled with kaolinite. In this section, collected still farther away from the core 
of the boulder, the concretionary bauxite structures are better developed than in the preceding thin section. More crypto 
crystalline gibbsite is present. All pore spaces are filled with kaolinite (light gray). Because opposite sides of the large 
veinlet across the lower part of the photograph do not match, it seems likely that at least part of the kaolin was formed at the 
expense of bauxite by resilication and did not merely force the opposite sides of a crack apart, particularly as no bauxite frag 
ments can be seen in the kaolin within the veinlet. X 9.

D, Pisolitic bauxite with ferruginous staining from the limonitic band surrounding the borderlike mass. The outermost specimen 
shows no secondary kaolinite. Pisolites and oolites are well developed; the cryptocrystalline form of gibbsite, much of it 
stained red by ferric iron, occupies interspaces, outer parts of pisolites, and entire oolites. X 9.
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overclay that grades downward to the bauxitic material, 
which in turn overlies gradationally a fragmental 
kaolinitic underclay. Each of these units contains 
many different and characteristic rock types. The 
important ones are shown in the columnar section 
below (fig. 49).

The characteristics of bauxite deposits in the bauxite- 
kaolin facies of the Berger formation are well shown in 
the northern part of the Woodyardville area, in sees. 
35 and 36, T. 1 N., R. 12 W., and sees. 1 and 2, T. 1 S., 
R. 12 W., Pulaski County. This area is considered the 
typical example for type 2 deposits because here many 
of the relationships were first determined. In it are 
the Cheatham, Dixon-Nelson, McClain-Burks-Nelson, 
Dixon, Viiisoii-Raiiies, and Woodyardville deposits, 
and the Dixon clay area which includes a small baux 
ite body known as the Vick deposit (pi. 17). This 
group of deposits is shown in the diagrammatic plan 
and cross sections on plate 15 in which the relations 
have been generalized. The descriptions that follow 
are characteristic of the bauxite-kaolin facies through 
out the bauxite region.

The cross sections in plate 15 illustrate the normal 
distribution of bauxite and kaolinitic clay in valleys 
which drain the lower slopes of the nepheline syenite 
and the fringing Midway sediments. The bauxite 
deposits normally are located on the slopes at either 
side of the valley and die out toward the valley centers. 
Fragmental clayey detritus fills the centers of valleys, 
in places to a depth of 60 feet. Similar fragmental 
kaolinitic clay beneath the bauxite deposits usually 
ranges from 10 to 20 feet in thickness, but reaches a 
maximum of 30 feet.

Chemical zoiiation of the bauxite deposits from low 
silica at the center to high silica at the margin, corre 
sponds to the lithologic gradation from bauxite to 
kaolinitic clay. The lowest silica content generally 
occurs in the middle or lower part of the pisolitic 
bauxite. This chemical zoiiation, however, does not

coincide exactly with lithologic zoiiation, but generally 
cuts it at a low angle. The slight divergence between 
the two is shown in the three diagrammatic cross 
sections in plate 15. This divergence is most apparent 
in the upslope part of the pisolitic bauxite, which 
normally terminates in a low-grade siliceous bauxite 
or hardcap.

A moderate disparity in chemical composition exists 
between rocks of the same type from two deposits, 
even where lithologic specimens from the two localities 
appear identical. The difference in large part is due 
to secondary introduction of silica and ferrous iron 
oxide after the bauxite had formed, which has pp.rtly 
changed the chemical composition without materially 
altering the appearance of the rock, except for subtle 
differences in color. Chemical analyses, for this reason, 
are indispensible in determining grade of ore.

Vertical distribution of rock types in a normal type 2 deposit, and 
comparison of descriptive terms based on lithologic and chemical 
criteria

Lithologic

Kaolinitic overclay

Hardcap Bauxitic clay

Pisolitic bauxite

Fragmental, oolitic, or textureless 
bauxite

Fragmental, oolitic, or textureless 
bauxitic clay

Fragmental kaolinitic underclay 
Fragments coarse at base

Chemical

Kaolinitic clay

Bauxitic clay

High silica bauxite

Bauxite

High silica bauxite

Bauxitic clay

High iron 
bauxite and 
bauxitic clay

Kaolinitic clay

Available 
alrmina 
(percent)

0

<24

24-32

>32

24-32

<24

0

Classification of rocks from the bauxite-kaolin facies 
according to their chemical composition, therefore will 
not necessarily agree with a classification on a litho^gic

EXPLANATION OF PLATE 14 

TYPE 2 DEPOSIT: PHOTOMICBOORAPHS OF PISOLITIC BAUXITE AND FRAGMENTAL BAUXITE AND CLAY

A, Simple pisolites, entire and fragmentary. Brown pisolites in a tan bauxite matrix. Networks of cracks in the pisolites are 
best developed in the parts composed of concentric layers. Note the two small remnant segments of pisolites at lower center 
and left. Thin section (AB-16050-1) from core specimen. X 9.

B, Compound pisolite. Bauxite oolites in the interior of a large pisolite and the surrounding accretionary layers of the rind cut by 
a network of cracks are shown. The brownish cryptocrystalline gibbsite matrix has opaque areas, probably largely of iron 
oxides. Thin section (AB-17132-1) of specimen from Ratcliffe mine in Pulaski County. X 17.5.

C, Fragmental bauxite. Grayish-tan translucent bauxite fragments composed of microcrystalline gibbsite in a darker tan to brown 
iron-stained gibbsitic matrix. Scattered black areas are mostly iron oxides surrounding siderite grains; white areas are holes 
in the slide. Thin section (AB-7162B-1) from below pisolitic bauxite in USBM drill hole 7-162B, depth 116.5 feet, in the 
Fiiinegan deposit, Pulaski County. X 9.

D, Gibbsite replacing part, of a kaolinite crystal in fragmental underclay. A large gray accordionlike cleavage book of kaolinite 
lies in surrounding darker appearing kaolinitic matrix. Tiny whitish gibbsite crystals line cavities between cleavage plates 
and stringy bodies of gibbsite ramify through central part of crystal. Thin section (AB-16052-5) from core specimen in 
figure SOA7 . Crossed nicols. X 95.
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basis. Normal discrepancies between the lithologic and 
chemical classifications in a vertical section through a 
type 2 bauxite deposit are shown in the preceding table. 
Boundaries between the chemical and lithologic units 
are gradational, although lines are used to separate 
them in the columns of the table.

The chemical classification in the table is based on 
the proportion of silica to alumina, modified by the 
amount of impurities, and expressed as available alu

mina. The cutoffs are the same as those given earlier,, 
in the section on classification of Arkansas bauxite. 
High-iron bauxite appears where introduction of sec 
ondary siderite has modified the grade in the middle and 
lower parts of the bauxite and bauxitic clay.

In order to permit a comparison of chemical analyses 
with careful lithologic descriptions, selected partial logs 
of several drill holes in type 2 deposits, in Pulaski and 
Saline Counties, are shown below.

Partial log of USBM drill hole 9-046. NEy4NWy4 sec. 36, T. 1 S., R. 14 W. 

[Altitude at collar, 521.4 feet]

Depth 
(feet)

205. 9-206. 4

206. 4-207. 4 

207. 4-208. 4

208. 4-209. 4 

209. 4-211. 4

211. 4-213. 4 
213. 4-215. 4

215. 4-217. 2 

217. 2-219. 2

219. 2-221. 2 
221. 2-223. 2

223. 2-227. 7 
227. 7-229. 7

229. 7-231. 7 

231. 7-232. 7

232. 7-233. 7 
233. 7-235. 7

235. 7-238. 7 

238. 7-240. 7 

240. 7-249. 5

Lithologic description

Berger formation (bauxite-kaolin zone) : 
Kaolinitic clay, light-creamy gray, containing lighter 

colored vertically elongate fragments and carbo-

Pisolitic bauxite hardcap; matrix, light-creamy gray; 
pisolites gray, soft, forming 15 to 20 percent of rock__ 

Pisolitic bauxite, grayish tan, hard; pisolites gray and 
tan, with same hardness as matrix; scattered patches 
of kaolinite _..__- ____

Pisolitic bauxite, grayish tan, hard, as above, scattered

Pisolitic bauxite, tan, fairly hard, locally mealy; piso 
lites break with and from matrix and constitute 40 
percent of rock; scattered pvrite crystals

Pisolitic bauxite; gray, tan, and reddish-brown piso 
lites in a soft tan porous matrix; locally matrix-free;

Pisolitic bauxite, as above, but crystalline siderite in 
cavities _ _

Pisolitic bauxite; hard tan matrix contains many cav 
ities filled with crystalline siderite _ _

Pisolitic bauxite; as above
Pisolitic bauxite mottled tan and green, fairly soft; 

pisolites smaller than above
No recovery. _ __
Pisolitic bauxite; rich tan hard matrix locally greenish; 

pisolites brown and gray, soft, some hollow inside,

Pisolitic bauxite; as above, but pisolites grading out

Bauxite, moderately hard; a few scattered oolites and 
fragments, siderite pellets common

Bauxite; as above _ _
Bauxitic clay, mottled tan and bluish green; contains 

siderite pellets _ _ __ _ _ _
Kaolinitic clay, bluish green, with bauxitic clay and 

kaolin fragments, many siderite pellets and grains- __ 
Kaolinitic clay, gray to reddish-brown, sideritic _ _

Basement rock: 
Kaolinitic clay, residually derived from nepheline 

syenite.. _."_______ *.. _ __

Analyses (percent)

A12O 3

38. 3 

46. 0

52. 4 

52. 9

56. 0 
57. 8

59.3 

50.0

49. 1
42. 6

52.0

49. 2 

51. 8

53. 7 
49. 7

44. 1

40. 3
38. 2

36. 4

SLO2

42. 8 

28. 7

17. 6 

14. 0

9.3 
5.9

3.7 

2. 6

2. 8 
3. 6

4.4

5. 5 

5. 2

6.5
12. 7

25. 6

26. 0
42. 4

41. 6

Fe as 
Fe2 O3

2. 0 

1. 4

1. 7 

2. 2

2.4 
2. 6

1.5 

11. 5

13. 0 
19.4

10. 7

11. 9 

10. 8

8. 1 
9. 2

8. 1

11. 3 
4. 1

5.0

TiO2

1. 6 

2. 6

2. 2 

2. 2

2.4 
2.4

2.8 

2. 8

2. 6 
3. 1

2. 6

3.4 

2. 8

2. 4 
3.2

2. 6

3.4
. 8

1. 0

Ignition 
loss

14.4 

20. 6

25. 2

26. 1

28.4 
30. 1

31. 7 

30.9

30. 7 
30. 2

29. 5

28. 2 

28. 8

28. 5 
24. 5

18. 6

16. 6 
13. 5

12. 1

Ir soluble

0. 9

. 7

. 9 

2. 6

1. 5
1. 2

1.0 

2. 2

1. 8 
1. 1

. 8

1. 8 

. 6

.8

. 7

1. 0

2. 4 
1. 0

3.9

FeO

0.5 

. 4

2 

. 4

. 3 

. 5

.5

9. 8

12. 3
18.2

8.8

10. 2 

10. 2

7. 4 
7. 4

6. 6

9. 3
3. 7

3. 9
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Partial log of USBM drill hole 19-192. NW^NE1-^ sec. 21, T. 1 S., R. 12 W., Pulaski County

[Altitude at collar, 342.6 feet]

Depth
(feet)

251. 9-256. 4
256. 4-258. 1

258. 1-260. 0 

260. 0-260. 6

260. 6-262. 3

262. 3-263. 1

263. 1-264. 5
264. 5-265. 1 
265. 1-267. 1

267. 1-269. 1
269. 1-271. 1 

271. 1-272. 9
272. 9-274. 7

274. 7-276. 6

276. 6-277. 6 

277. 6-278. 6

278. 6-280. 6
280. 6-282. 6

282. 6-287. 5
287. 5-288. 5
288. 5-292. 3 

292. 3-293. 3

293. 3-295. 3
295. 3-296. 2

296. 2-299. 5

299. 5-300. 3

300. 3-301. 3

301. 3-303. 7

303. 7-306. 9

Lithologic description

Berger formation (bauxite-kaolin zone from 256.4 to 293.3 
feet) : 

Lignite, brownish black, hard, woody _ _ -
Bauxitic clay, light creamy tan, pisolitic, soft; piso 

lites are white with black rinds, dark gray with 
white rims, or rarely black; scattered tan 
bauxite fragments; lignite fragments at top _ _

Pisolitic bauxitic clay, grayish tan as above, scattered 
large pisolites and pebbles; pisolites abundant and 
look like those above, but many have gray semi- 
liquid centers; matrix creamy, oolitic; kaolin veining. 

Siliceous pisolitic bauxite, gray; pisolites as above, but 
some have black and red cherty centers; numerous 
horizontal sheets of white kaolinite

. Pisolitic bauxite, gray, hard; more red and black piso 
lites than above, some compound; kaolinite patches; 
a little crystalline siderite. _ ____

Pisolitic bauxite, tan firm; pisolites mostly red or black 
with tan rinds, a few compound; matrix softer than 
above, oolitic, sideritic; numerous cavities _

Pisolitic bauxite, as above____ _ _ _
Pisolitic bauxite, harder than above and more sideritic. 
Pisolitic bauxite, tan hard; pisolites abundant, average 

6 mm. across, mostly dark gray to black, lighter out 
ward, with thin tan rinds; matrix oolitic, cavernous, 
with siderite in brown grains and oolites.

Pisolitic bauxite, as above
Pisolitic bauxite, tan hard; pisolites gray to bluish, 

mostly hard but a few soft, 4 to 6 mm. across, com 
prising 25 to 35 percent of the rock; matrix tan to 
pinkish, with scattered kaolinite and rusty patches-. 

Pisolitic bauxite, as above
Pisolitic- bauxite, as above, but pisolites large' hard and 

brownish black to dark gray; much brown crystal 
line siderite at 274.2 _ _'

Bauxite, pinkish buff, soft, clayey or mealy; pisolites 
few, poorly formed with soft to liquid gray centers; 
white kaolinite streaks

Bauxitic clay, light buff to grayish downward, firm, 
locally sideritic; sporadic large gray soft pisolites. ___ 

Kaolinitic clay, tannish gray, firm; siderite pellets 
common _ _

Kaolinitic clay, light grav to white, firm, sideritic
Kaolinitic clay, mottled reddish brown and gray; 

siderite in scattered tan pellets
Kaolinitic clav, mottled, as above
__do____ ____!_._ _________________________________
Kaolinitic clay, gray, faintly mottled with reddish- 

brown, firm, semiplastic to plastic, highly sid.eritic__ 
Siderite layer, varicolored with merging tan, purple,

Wills Point formation: 
Silty clay, mottled red and gray, plastic. _
Silty clay, horizontally banded khaki-colored and gray ; 

grayer downward; boundary vague _
Silty clay, black, with numerous angular white frag 

ments of kaolinized feldspar ___
Silty clay, khaki-colored and gray, fragmental; mix 

ture of silty clay and decomposed nepheline syenite 
fragments

Fragmental clay debris; gray silty clay and decom 
posed nepheline syenite fragments

Kincaid(?) formation: 
Fragmental nepheline syenite debris; partly decom 

posed feldspar fragments, white rounded clay balls,

A12O3

(0

41.9

47. 4 

51. 6

54. 4

55. 8
56. 2
54. 6 

51. 6
52. 1

54. 6 
54. 7

45. 1

47. 7

39. 0 

30. 4
28. 1

29. 8
29. 5
26. 9

28. 5

(')

36. 3

22.5

22. 2

22. 3

(')

SiO2

0)

36. 2

27. 5 

19. 1

12.4

6. 7
6. 1
5. 8 

3. 8
4. 5

3. 9 
4. 4

3. 3

4. 9

21.4 

31. 7
30. 0

33. 0
32. 0
31.5

32. 4

C)
49. 4

63. 2

55.0

49. 3

0)

Fe as 
Fe2O 3

1.8

1. 2 

1. 5

2. 2

4. 0
4.0
5. 9 

10. 2
9.4

7. 2
- 6. 7

18.0

13. 5

13. 6 

16. 3
20. 0

17. 4
18. 9
21. 7

19. 6

4. 8

2. 9

4.5

2. 5

T102

2. 5

2. 3 

2. 8

3. 3

3. 3
2.9
3. 0 

3. 1
2. 9

3.0 
3. 1

3.0

3.3

3.0

2. 7
2. 6

2. 3
2. 0
1. 9

1. 8

. 6

. 6

1.5

2. 1

Ignition 
loss

16.8

20.5 

24. 3

27. 2

29. 4
30.0
29. 7 

30.4
30. 3

30.4 
- 30v-3

29.8

29. 7

21.8 

17. 9
18. 2

16. 6
16. 2
16. 9

16. 2

7.5

7. 8

7. 7

7. 5

Insoluble

0. 8

1. 1

. 7

. 5

. 8

. 8
1.0 

.9

. 8

. 9

. 8-

.8

. 9

1. 2 

1. 0
1. 1

.9
1. 4
1. 1

1. 5

1. 4

3.0

9. 1

16. 3

FeO

0. 5

. 5

. 6

1. 1

3. 1
2.9
4. 6

8. 7
8. 2

6. 1 
5.7

15. 2

11. 2

11. 7 

14. 7
16. 8

13. 1
14.9
18. 7

17. 3

. 3

. 4

. 5

. 6

1 Not analyzed.
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The minor elements in the bauxite, hardcap, and 
kaolinitic imderclay have been determined by spectro- 
graphic methods in a few samples. Those from type 2 
deposits are tabulated below. The minor elements 
have been discussed earlier, in the section on the 
chemical constituents of Arkansas bauxite.

Spectrographic determination of minor elements in. bauxite and 
clay samples from type 2 deposits, in percent,

[Analyst, K. J. Murata]

Element

Ti_-_-_          
Mn-   .         
Zr-._           
Ca             
Mg._ ._. .-      .
Nb.           
Y.-._ ...       --
Sr.-     --     
Or       -      
La            
V
Ga.. . -. -   -  
Ba            
B  .. _.       -
Pb.             
Cu              -
Mo,.     _    
Sc--       --     -
Be         

1

Bauxite

0.9
o

.1

.06

.03

.04

.003

.01

.009

.009

.01

.004

.002

.0009

2

Hard- 
cap

1.5
.01
.08
.1
.04
.02
.02
.02
. 02
.007
.01
.004
.004
.003

.002

.0009

.0002

3

Bauxite

1.0
.1
.1
.1
.04
.04
.01
.004
.006

.005

.005

.001

.003

.002

.003

.0007

4

Hard- 
cap

1.2

.2

.1

.02

.07

.02

.008

.003

.02

.005

.007

.001

.002

.007

.004

.0004

.0002

5

Bauxite

1.0
.08
.09

.05

.05

.02

.006

.007

.005

.0009

.003

.002

.0007

6

Under 
clay

0.7
.2
.08
.1
.1
.04
.009
.004
.007
.01
.01
.006
.002
.003
.001
.002

.0009

7

Under 
clay

1.4
.4
.2
.08
.04

.02

.01

.008

.006

.002

.002

.003

Looked for but not found: Sn, Ag, Bi, Sb, As, Tl, Ge, In, Co, Ni, Ta, and P.
1. Poorly pisolitic tan bauxite containing fine siderite (specimen AB-3019-1) from 

USBM drill hole 3-019, depth 267 feet, South Ironton deposit, W. A. Dreher property, 
in the NWJ4SEM sec. 14, T. 1 S., R. 12 W., near Ironton, Pulaski County.

2. Pisolitic bauxite hardcap with liquid-filled pisolites (specimen AB-6127B-1) 
from USBM drill hole 6-127B, depth 278 feet, Bates deposit, in the NWJiNEU sec. 
21, T. 1 S., R. 12 W., Pulaski County.

3. Tan pisolitic bauxite with crystalline siderite (specimen AB-16048-D from 
USBM drill hole 16-048, depth 455.2 feet, East Bauxite deposit, International Paper 
Co. property, in the SBJiM WM sec. 31, T. 2 S., R. 13 W., Saline County.

4. Tannish-gray poorly pisolitic siliceous bauxite (specimen AB-16052-1) from 
USBM drill hole 16-052, depth 451.9 to 452.2 feet, East Bauxite deposit, International 
Paper Co. property, in the SWJ-iNW^ sec. 31, T. 2 S., R. 13 W., Saline County.

5. Poorly pisolitic light tan bauxite containing siderite and chlorite (specimen 
AB-16052-2) from USBM drill hole 16-052, depth 473.0 to 473.1 feet.

6. Tannish-gray bauxitie underclav (specimen AB-16052-3) from USBM drill 
hole 16-052, depth 480.5 to 480.6 feet.

7. Dark-brownish-gray fragmental kaolinitic underclay (specimen AB-16052-5; 
fig. 50-F) from USBM drill hole 16-052, depth 488 feet.

The principal lithologic subdivisions of the bauxite- 
kaolin facies are discussed in more detail on the pages 
that follow.

FEAGMENTAI UNDEECIAY

Most of the clay below the bauxite and in the valley 
centers has a gray kaolinitic matrix of fine clay- to 
silt-sized particles. It contains a jumble of fragments 
of white or light gray kaolin, light tan to reddish bauxitic 
clay and bauxite, and grains of other altered and detrital 
minerals, and siderite pellets. Most of the fragments 
range from 0.5 to 10 millimeters in diameter, but some 
are several centimeters across. They usually are 
subangular, but a few are well rounded and have 
polished surfaces. In the lower part of the unit, the 
fragments have a notable parallel alinement at most 
localities.

A small part of the detrital material is from a 
recognizable source: dark-gray or greenish-gray frag 
ments that preserve relict textures of the pendant rocks

of Paleozoic age; hard white to pale-green bodies which 
apparently are kaolinized remnants of former cleavage 
fragments of feldspar; less altered feldspar grains; black 
metallic subhedral to euhedral grains, commonly 0.1 
to 0.5 millimeters across, of ilmenite some of which 
X-ray analysis shows has partly altered to anatase, 
and less commonly to magnetite; and in some places, 
tan pseudomorphs of leuxoceiie (anatase) after sphene, 
as much as 5 millimeters long. Small carbonaceous 
flecks and wisps also are found locally.

At the base of the underclay large kaol ;ni ed frag 
ments of the underlying rock are generally present. 
These include recogni~able pieces of kaolinized nephe- 
line syenite and of varicolored laminated clay from the 
upper part of the Wills Point formation. The heavy 
minerals, evenly scattered through the gray fragmental 
kaolinitic clay, are a little more concentrated at the 
base. The clay is stained and mottled irregularly a 
dull red to yellowish brown by iron oxides at and near 
the base. This mottling is common immediately over 
lying the laminated and stained top part of the Wills 
Point formation.

Bauxitic fragments are absent at the base of the 
fragmental clay. In the central parts of valleys where 
bauxite deposits do not occur, the bauxiti0- fragments 
usually are found about 10 feet above the base to well 
above the middle of the unit. In the upper third or 
quarter of the unit where the bauxite merges with kaolin 
itic overclay, the fragments cannot always be distin 
guished, but gibbsite in all but the top several feet of 
the section is indicated by chemical analyses. Where 
the fragmental clay underlies bauxite bodies, the clay 
grades upward without any visible break into bauxitic 
clay.

Small white, tan, or pink pellets and aggregates of 
siderite are scattered abundantly through the frag 
mental clay, particularly in the lower part. They are 
similar to those found in the kaolinitic clay derived in 
place from the iiepheline syenite and from the Wills 
Point formation.

In thin section, many fragmental clay specimens are 
seen to consist of kaoliuite in flakes, structureless 
masses, and groups of wormlike crystals. In some 
sections an iron-stained clay makes up the matrix in 
which the fragments are imbedded. The bauxite 
fragments are composed chiefly of microcrystalline 
gibbsite aggregates, in the upper parts of the under 
clay. Locally minute radiating crystal aggregates as 
well as single grains of siderite are scattered through 
some of the kaolinite masses. An accordionlike crystal 
of kaolinite contains spaces lined with mirute gibbsite 
crystals and is cut by tiny threadlike gibl^ite masses, 
that appear to have replaced part of the 1-aolinite (pi. 
14Z7). A sawed face of the core of fragmental clay
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(specimen AB-16052-5) from which it came is shown 
in figure 5QF.

Also recognizable in some thin sections of fragmental 
clay are shale fragments, mica flakes, and decomposed 
feldspar crystals. The fragments have a nearly parallel 
orientation, particularly toward the base of the unit. 
Siderite pellets are spherulitic in structure and between 
crossed nicols show a well-defined spherulitic cross. 
Concentrations of siderite grains range from 0.01 to 
1.0 millimeter in diameter. They are common along 
kaolinite veinlets that cut the clay matrix and frag 
ments. Dark-brown irregular masses of leucoxene and 
iron oxides are common, as well as black opaque sub- 
hedral crystals of ilmenite, some of them skeletal.

In a few places upslope from the buried edge of the 
Midway sediments, the fragmental underclay contains 
tiny radiating aggregates of hydrous mica that have 
formed within some of the kaolinite masses. The 
hydrous mica was found in the fragmental clay near the 
base of the bauxite-kaolin facies in USBM drill hole 
1-023, between the Dreher-Junkin-Herrod bauxite de 
posit and the nearby edge of the Midway sediments, 
in Pulaski County; also beneath the Grubbs-Hawkins 
deposit, Saline County, in Alcoa drill hole X-262 (fig. 
5D). As this mineral is known elsewhere only in 
kaolinite fragments deposited within the Wills Point 
formation, or in kaolinized nepheline syenite immedi 
ately beneath the same formation, its presence in the 
lower part of the fragmental kaolinitic clay may in 
dicate that some of the clay was formed and deposited 
during Wills Point time.

LITHOLOGIC CHARACTER OF BAUXITE INTERVAL

The bauxite deposits in the bauxite-kaolin facies can 
generally be separated into three lithologic zones from 
base to top and, to a lesser extent, from downslope to 
upslope end. The lower zone contains bauxite which 
is fragmental, sparsely oolitic, or claylike in texture; a 
middle concretionary zone contains pisolitic bauxite; 
and an upper zone, mainly restricted to the upslope part 
of the deposit, contains siliceous, indurated bauxite, 
in which crude, soft or hollow pisolites in places give the 
rock a vesicular appearance. This last, known as the 
liardcap, usually contains too much kaolinite to be used 
for ore; it is discussed in a separate section below. The 
distribution of the three lithologic types and their rela 
tion to the main chemical subdivisions based on silica 
content is shown in the three diagrammatic cross sec 
tions in plate 15.

The texture of the lowermost bauxite zone coincides 
with that of the underclay below it, and that of the 
kaolinitic clay at the same stratigraphic level a little 
downdip. If the clay nearby is fragmental, the bauxite 
also is fragmental; if the clay is almost textureless, so
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is the bauxite. The clay, however, is nowhere oolitic. 
Oolites are found generally in the upper part of this 
lowermost bauxite zone and continue upward into the 
matrix of the pisolitic bauxite. Beneath a part of the 
North Heckler deposit in Pulaski County, a pisolitic 
texture persists downward through the bauxitic clay 
into the upper part of the kaolinitic underclay.

Fragmental bauxite (pi. 14(7) is dark tan to cream 
colored, and is of a mealy consistency. It contains 
bauxite and bauxitic clay fragments, 2-20 millimeters 
across, a little larger in average size than those in the 
clay surrounding the deposits. Large fragments of 
bauxite with distinguishable granitic or pisolitic tex 
tures are not uncommon. Fragments of gray kaolinitic 
clay are rare and usually are surrounded by a rind of 
soft tannish bauxitic clay.

In cross section this fragmental to textureless bauxitic 
zone is wedge shaped. Fragmental bauxite const: tutes 
more than half the thickness of the ore, generally not 
more than 10 feet, in those parts of the deposits that lie 
toward the valley centers. It thickens downslope and 
grades toward the valley center into fragmental bauxitic 
clay. It thins upslope and grades into overlying 
bauxite. A complete gradation occurs downward 
through bauxitic clay to the fragmental underclay.

The zone of concretion in type 2 deposits is similar to 
that in type 1 deposits, but the differences are constant 
and distinct. Pisolites are smaller, generally ranging 
from 4 to 8 millimeters, and the red-stained matrix 
with vermicular structures of the type 1 deposits is 
lacking. In the lower part of the concretionary zone 
the pisolites are small, poorly formed, and sparsely 
scattered through the soft mealy tan matrix. These 
pisolites are soft and gray inside; many have viscous 
centers, bluish gray to bluish black, and have a high 
alumina content. The matrix, commonly oolitic, 
breaks away easily from the thin brittle rinds.

Upward the pisolites are larger harder, and more 
compact. They have a brown to gray subvitreous 
interior that breaks with a conchoidal fracture and they 
are surrounded by concentrically layered tan rinds. 
Mixed with the pisolites are sparse soft angular tc sub- 
rounded fragments of bauxite and bauxitic or kaolinitic 
clay enclosed in concentrically banded rinds. The 
pisolites and pebblelike fragments are scattered through 
a matrix that is soft and mealy and light tan at the base, 
dark tan to brown in the upper part, and increasingly 
harder upward. In some deposits the pisolites in the 
central part of the concretionary zone are hard, almost 
vitreous, with red to black centers; locally they occur in 
loose aggregates. As a rule the silica content of the 
bauxite is lowest in the lower half of the concretionary 
zone, but commonly the ferrous iron content due to 
siderite is high there. Sawed sections of coros of
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pisolitic bauxite from the concretionary zone are shown 
in the photographs in figures 16 and 50Z>.

In thin section most of the bauxite in type 2 deposits 
appears to be made up of the cryptocrystalline form of 
gibbsite, which is brownish and opaque in the matrix 
and in the fine-grained pisolites, and is dark between 
crossed iiicols. Micro crystalline gibbsite showing mod 
erate birefringence is limited to the network of cracks 
that cut the pisolites and parts of the matrix (pi. 14^4, 
B) and to aggregates within sparsely scattered frag 
ments enclosed in rinds and derived from the residual 
deposits upslope. A few of the fragments retain a 
granitic texture. The microcrystalline gibbsite aggre 
gates are common in fragmental bauxite in the basal 
part of the deposits, but the enclosing bauxitic matrix 
appears isotropic between crossed nicols. Siderite is 
generally in groups of subhedral to anhedral grains 
filling cavities, or scattered through the matrix and, 
rarely, in the outer zones of pisolites. Kaolinite is rare 
in bauxite of ore grade and usually appears as con 
torted masses of fresh-looking wormlike crystals filling 
veinlets and cavities in the matrix. Cavities and pore 
spaces locally contain crystals of gibbsite, chlorite, 
pyrite, and siderite, usually in that order where they 
occur together. Dark-brown leucoxene (anatase) and 
black and brown opaque minerals, including ilmenite 
and ferric iron oxides, are scattered through the rock in 
specks, blebs, and small shapeless masses. The dark 
metallic minerals apparently are not as common as in 
the fragmental underclay, but the titaiiia content is 
about the same.

Minerals that have been identified by means of 
X-ray examinations of pisolitic bauxite specimens

from the East Bauxite deposit are given in the tabula 
tion below.

Minerals identified by X-ray analysis in pisolitic bauxite from 
drill holes in the East Bauxite deposit

Analyst, J. M. Axelrod, Heavy-mineral separation and optical examination by 
M. L. Lindberg]

Minerals

Gibbsite _______________________
Chlorite_-________-__________ _

Rutile____ _ _ ____ ______
Zircon
Unidentified opaque minerals

la

Light- 
medium

 -/

X
X

X

Ib

Heavy

X
X
X
\r

X
X
X
X

2a

Light

X"X

X

2b

Heavy

X
X
X
X

X
V

la. Pisolitic bauxite cut by a siderite vein (specimen AB-16048-1), from lower 
half of concretionary zone in USBM drill hole 16-048, depth 455.2 fee4;, about 200 feet 
southwest of drill hole 16-050. Bromoforra floats and bromoform sinks; methylene 
iodide floats only.

Ib. Same as sample la but methylene iodide sinks only.
2a. Pisolitic bauxite (specimen AB-16050-1; pi. 14^4), from middle part of concre 

tionary zone in USBM drill hole 16-050, depth 449 feet, near the center of the SEH 
NWJ4 sec. 30, T. 2 S., R. 13 W., Saline County. Bromoform floats only.

2b. Same as sample 2a, but bromoform sinks only.

Near the top of the concretionary zone the pisolites 
are sparse and commonly have gray centers. Some 
have the interior filled with white kaolinite or are 
rimmed with this material. Kaolinite veinlets are 
common in the matrix between pisolites in the upper 
part of some deposits and in places form horizontal 
sheets (fig. 50O- There is a gradation upward within 
1 or 2 feet, into a hardcap or through pisolitic bauxitic 
clay into a kaolinitic overclay, and an accompanying 
and exceedingly gradual color change from tan to light 
gray or nearly white. Chemical analyses of silica

EXPLANATION FOR FIGURE 50

Core specimens of pisolitic and kaolinitic clay from type 2 deposits (natural size). A, Kaolinitic overclay. Sawed face of core speci 
men (AB-10148-1) from USBM drill hole 10-148, depth 152.1 feet, Lewis Treadway property, SE^NE>_ sec. 8, T. 1 S., R. 12 
W., near Berger, Pulaski County. Chemical analysis given on page 129. B, Hard pisolitic bauxitic clay. Matrix resembles 
hardcap and contains pisolites, many of which are hollow, giving the rock a vesicular aspect. Note halos around dark carbon 
aceous fleets and some pisolites. Sawed face of core specimen (AB-18231-1), from the Brown deposit, USBM drill hole 18-231, 
depth 245.6 feet, NE}'|SE}i sec. 15, T. 1 S., R. 12 W., near Ironton, Pulaski County. Chemical analysis on page 128. X-ray 
determination of mineral constituents given on page 128. C', Veins of kaolinitic clay in hard brownish pisolitic rock. Note 
light diffusion zone of kaolinite surrounding veins, and local destruction of pisolitic texture within veins. Sawed face of core 
specimen (AB-612-1) from Alcoa drill hole C-612, depth 202.5 to 207.5 feet, NW>iNWJ£ sec. 20, T. 2 S., R. 14 W., Saline 
County. D, Debiis of whitish kaolinitic and grayish gibbsitic fragments on brownish-gray pisolitic bauxite. Bauxitic frag 
ments above unconformity are composed of microcrystalline gibbsite; pisolitic bauxite below, mostly of cryptocryftalline gibb 
site. "Available alumina" content is 18,2 percent in debiis and 55.2 percent in pisolitic bauxite. Sawed face of core specimen 
(AB-16037B-1) from the East Bauxite deposit, USBM drill hole 16-037B, depth 380.2 feet, SE^NEH sec. 36, T. 2 S., R. 14 W., 
Saline County. E, Gray fragmental underclay. Gray kaolinitic areas are slightly finer grained and more sideritic than white 
kaolinitic areas. Black dots are tiny siderite spherulites. Sawed face of core specimen (AB-262-1) from Alcoa drill hole 
X-262, depth 412 feet, NW^SEK sec. 36, T. 2 S., R. 14 W., Saline County. F, Brownish-gray fragmental underclay composed 
mostly of kaolinite flakes and masses, and a small amount of gibbsite. Sawed face of core specimen (AB-16052-5) from USBM 
drill hole 16-052, depth 488 feet, East Bauxite deposit. See photomicrograph (pi. 14D) and spectrographic analysis (p. 124)
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content, however, show that the change is relatively 
abrupt.

Pisolitic bauxite constitutes more than 50 percent 
of type 2 deposits. In the middle and upslope parts 
of these deposits the pisolitic material is more than half 
the thickness of the ore. The thickest sections of ore 
in type 2 bodies are composed almost entirely of 
pisolitic bauxite. The bauxite in the concretionary 
zone thins downslope and toward the valley center. 
It grades upslope as well as upward into bauxitic clay.

HAEDCAP

The pisolitic bauxite is overlain gradationally by 
bauxitic to kaolinitic clay. In places this material can 
be distinguished from pisolitic bauxite only by chemical 
analysis, but generally it has a pale-grayish washed- 
out color that contrasts with the rich tan of higher 
grade bauxite.

Along the upslope edges of most type 2 deposits, 
and covering the greater part of some of the deposits, 
the high-silica material that looks like bauxite is in 
durated and forms a resistant capping over the ore as 
much as 3 feet thick. If these ore bodies are stripped 
in preparation for mining it is necessary to remove 
this covering to reach the ore below. In underground 
mining, on the other hand, the hardcap forms an ex 
cellent roof.

In the most typical form of hardcap the matrix is 
hard and the pisolites soft. The matrix ranges in ap 
pearance from a dense, porcellaneous, cherty-lookiny 
material to a brittle gray clay. Most of the pisolites 
have soft interiors; commonly they are filled with a 
thick gray to dark-gray muddy fluid. The rinds are 
softer than the matrix, but are a little more firm than 
the centers. On drying, these pisolites commonly 
crack and disintegrate leaving cavities that give the 
rock a vesicular appearance. Fragments are rare in 
the hardcap and where present are usually large, well 
rounded, and polished. They consist of a hard, im 
pervious material surrounded by a concretionary rind. 
Small smooth flat to round pebbles of microcrystalline 
gibbsite are scattered through the matrix.

The specimen in figure 505 from a drill hole in the 
Brown deposit has the typical vesicular appearance 
of much of the hardcap, although it came from just 
above a lignite layer in the middle of the bauxite-kaolin 
facies. Residues of pisolites that partly fill the cavities 
can be seen in the matrix. In another drill-core speci 
men from the top of the bauxite in the Bates deposit, 
the matrix has been entirely replaced by kaolinite but 
the pisolites appear intact and are composed of hard 
opaque gibbsite. The chemical analyses of cored 
specimens from which the two specimens were taken 
are as follows:

Chemical analyses of core specimens in Pulaski County drill
holes from which hardcap specimens were taken 

[Analyses, U. S. Bureau of Mines field laboratory at Little Rock, Ark.]
Percent

1 8
A12O3______________________________________ 44.1 44.2
SiO2  ___________________________ 31.4 16.9
FeasFe2O3_________________________ 1.8 10.3
TiO2_____________________________ 2.7 2.6
Ignition loss______________________________ 19.3 25.2
Insoluble____________________________________ .5 .8
FeO_____________________________ .7 8.6

1. Pisolitic bauxite hardcap, from TJSBM drill hole 6-127B, depth 276.9 to 278.9 
feet, Bates deposit, NWJ^NEJ^ sec. 21, T. 1 S., R. 12 W. (specimen AB-6127B-1).

2. Hardcap with bauxite pebbles, from TJSBM drill hole 18-231, depth 244.1 to 
246.1 feet, Brown deposit, NEJ^SEJ^ sec. 15, T. 1 S., R. 12W. (specimen AB-18231-1; 
fig. SOB).

In thin sections cut where the pisolites are least 
altered, they appear much like those in the normal 
pisolitic bauxite brown opaque bodies crossed by 
veinlets. Some of the veinlets contain microgranular 
gibbsite: others contain kaolinite. The centers of 
some of the pisolites are missing. Cavities also occur 
filled with kaolinite in structureless masses and tiny 
wormlike cleavage books, accompanied by small 
amounts of iron oxides, or pyrite. The matrix is a 
mixture of kaolinite and a fine-grained isotropic sub 
stance, presumably cryptocrystalline gibbsite. Tiny 
fragments of kaolinite cleavage books, oolitic bodies 
resembling the pisolites, and in places granular and 
angular fragments of finely crystalline gibbsite occur 
throughout the matrix. Small opaque areas probably 
are titanium and iron oxides, or pyrite.

The two illustrated hardcap specimens were sub 
mitted to optical and X-ray examination after heavy 
mineral and magnetic separations were made. X-ray 
analysis revealed the following mineral constituents.

Minerals identified by X-ray analysis in specimens of hardcap 
from Pulaski County

[\nalyst, J. M. Axelrod, Heavy-mineral separations and optical examination by 
M. L. Lindberg]

Mineral

Pyrite. _ _ _ _ _

Unidentified black opaque min 
erals

la

Light

X
X

Ib

Heavy

X
X
X
X

2a

Medium

X
X

X

X

X

2b

Heavy

X
(?)
X
X

X

X

la. Pisolitic bauxite hardcap, from USBM drill hole 6-127B, depth 278 leet, Bates 
deposit, NWMNEJ^ sec. 21. T. 1 S., R. 12 W. (specimen AB-6127B-1). Bromoform 
floats only.

Ib. Same as la, but methylene iodide sinks only.
2a. Hardcap with bauxite pebbles, from TJSBM drill hole 18-231, depth 245.6 

feet, Brown deposit, NEMSEM sec. 15, T. 1 S., R. 12 W. (specimen AB-18231-1; 
fig. 50B). Bromoform sinks, methylene iodide floats.

2b. Same as 2a, but methylene iodide sinks only.
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In a few places bauxitic clay imconformably overlies 
the bauxite (fig. 50Z>). The hardcap locally contains 
pebbles high in alumina, in areas adjacent to alluvial 
(type 3) deposits that overlie the type 2 deposits. 
Some pebbles are pale tannish gray and fine grained. 
They resemble pebbles derived from rocks of Paleozoic 
age in the region. Others are recognizable reworked 
fragments of granitic-textured and pisolitic bauxite. 
A dark-brown ferruginous pebble of this sort was found 
in a light creamy-gray matrix, from a drill hole in the 
Dixon deposit, Pulaski County. A thin section of 
this dark pebble shows a faint pisolitic structure and a 
network of veinlets filled with microcrystalline gibbsite.

OVERCLAY

The type 2 deposits are covered by as much as 15 
feet of kaolinitic clay. Throughout the upslope parts 
of the bauxite bodies, where hardcap is present, the 
thickness of the overclay rarely exceeds 3 feet. In 
places, however, bauxitic clay extends upward to the 
overlying lignite or gray silty clay bed. Kaolinitic 
clay is thickest in the downslope parts of the deposits. 
The contact between the underlying bauxitic clay or 
hardcap and the overclay is gradational but within a 
short vertical distance.

The clay is thin upslope and usually has a fragmental 
appearance. It is filled with light or dark yellowish- 
to brownish-gray fragments, angular or subangular, as 
much as 20 millimeters long; and contains abundant 
rounded subspherical tan bodies that resemble pisolites 
(fig. 50.B). In many places the overclay contains flecks 
and wisps of carbonaceous matter. Most of the frag 
ments and bodies are oriented vertically and are sur 
rounded by a halo of lighter colored cream or gray clay. 
Many of the bodies appear carbonaceous and are 
almost crescent shaped. In thin section they appar 
ently are composed of kaolinite associated with car 
bonaceous matter. The groundmass likewise is made 
up of kaolinite in masses and tiny wormlike crystals.

A specimen (AB-10148-1) exhibiting the texture 
commonly seen above the hardcap is shown in figure 
5(L4.; it is from a drill core in the Treadway deposit, 
Pulaski County. A chemical analysis of this specimen 
made by the U. S. Geological Survey follows:

Chemical analysis of overclay from the Treadway deposit, Pulaski
County l

[Analyst, C. M. Warshaw. The sample contained organic matter that c">uld not
be determined accurately]

Oxide Perceri
AlaOs---.------------_  .       - 38. 61
SiO2 .-------------------------------- 42. 31
Fe2O 3 ------------------------------ . 51
FeO___-____  _   -   __             . 65
MgO              ..   __       .  .00
CaO_____    -_   -        -_       .02
Na2O2 __.,_-_-_--__--__-______-__-__--_-- . 01
K2O2 --____--__--_--____---_--__-_--- None
TiOa_-                      1. 91
P20B .-------------------------------- .08
COa -----------------------------_- None
SOi  -                  _    - . 65
MnO-__------------------------------ .001
Cr2O 3 ------------------------------- - 025
BaO______________---__----___----_--- None
Ignition loss minus SO 3-__--------------- 14. 96

99. 74
1 Cored sample from USBM drill hole 10-148, depth 152.1 feet, on property of Lewis 

Treadway, in the SEMNEM sec. 8, T. 1 S., R. 12 W., Pulaski County (fig. 60 A).
2 Na2O and K2O determined with flame photometer by W. W. Brannock.

RELATION TO OTHER BERGER SEDIMENTS

Iii any single section the bauxite-kaolin fac; es is 
usually overlain by lignite or carbonaceous clry as 
much as 20 feet thick. In some deposits carbonized 
root remnants extend downward from the lignite into 
the overclay for several feet. A 10-foot lignite log was 
found near the top of the pisolitic bauxite in the Young 
mine, Saline County (fig. 63). Generally the contact 
between the kaolinitic clay and lignite is sharp. Less 
commonly the overlying bed is a gray or greenish-gray 
silty clay. Where the overlying beds can be traced 
updip, they wedge out into the upslope continuation of 
the bauxite-kaolin facies. Downslope the kaolinitic 
overclay fingers into other clastic and carbonaceous 
beds of the Berger formation. These beds are con 
temporaneous in deposition with the upper part cf the 
bauxite-kaolin facies. This relationship is illustrated 
in figure 7. In the Woodyardville area, the bauxite 
bodies occur 011 three separate levels or benches (pi. 17). 
The low deposits are overlain by massive lignite beds 
that wedge out updip in the overclay of the bauxite 
bodies upslope. This feature can be seen in the dia 
grammatic cross sections in plate 15.
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RELATION TO OTHER TYPES OF DEPOSITS

The deposits or mines in which remnants of type 1 
are beneath type 2 deposits have been listed on an 
earlier page.

In many of type 2 deposits the pisolitic bauxite of 
the concretionary zone is truncated above by a lignite 
bed, commonly associated with gray silty clay and 
overlain by another bed of bauxite. Typical examples 
of this relationship are the Ratcliffe, Birnbach No. 1, 
Glidewell, and Hummel deposits, all in Pulaski County. 
Wherever this has been observed, the overlying bauxite 
has on examination proved to be of sedimentary origin. 
It is stratified, gravelly, moderately to well sorted, or 
crossbedded. Where this relationship exists, the normal 
section of the type 2 deposit has been truncated and a 
type 3 deposit laid down above it.

No occurrence is known of the truncation of type 2 
deposits by conglomeratic (type 4) deposits. In the 
Section 28 and Young mines in Saline County, types 2 
and 4 deposits occur in the same stratigraphic section 
separated by as much as 60 feet of clastic and carbona 
ceous beds of the Berger formation.

MINES

Deposits in the bauxite-kaolin facies of the Berger 
formation constitute a large part of the bauxite in the 
region. They contain more than half of the remaining 
ore reserves. Except for the large high-level deposits 
on the Saline dome, most of the bauxite shown in the 
subsurface map of the region (pi. 2) is of this type.

In Pulaski County type 2 deposits have provided the 
bulk of the ore mined in the Berger, Berger No. 100, 
Bierman, Brown-Ratcliffe, Burks-Nelson, Buzbee, Dixie 
Nos. 1-3, England shaft, Heckler, Hoekstra, McGuire, 
North England, Nutt-Bailey, Old Rauch, Penzel-Coe, 
Pulaski, Ratcliffe, Ratcliffe (Dulin), Ratcliffe Lease, 
Rauch, Rauch Estate, Rauch Extension, Rauch Leased 
Rauch Owned, Rauch Property, Reichardt Extension, 
Rummel, Sherrill, Sherrill-England, Sweet Home, Vick, 
Vinson-Hoffman, Weiss, Westminster Church, Willie 
Thomas, Winn, and Wright mines.

In Saline County this type of deposit has provided 
most of the ore in the Alexander No. 1, Bryant, 
Covington, Elrod, Fletcher-Hudspeth-Harris, Hogue- 
Fletcher, Hurricane Creek, Martin shaft, Northern, 
Poodle, Quapaw, Ramsey, Rowland, Section 17, Section 
28, Section 35, Stuckey, Whitley, and Young mines and 
possibly also in the Bizzell, Canal No. 2, Fletcher, and 
Townsend mines.

TYPE 3. BEDDED DEPOSITS IN THE BERGER FORMATION

DISTRIBUTION

Alluvial deposits of Berger age are associated with 
type 2 deposits chiefly in Pulaski County. They 
are best developed along the southeast edge of the 
Pulaski high. Upper bauxite beds of this type have 
been found in the Bruton, Fourche Bayou, Ratcliffe, 
W. A. Ratcliffe, Birnbach No. 1, Glidewell, Finnegan, 
Reichardt, Brown, Hollenberg, Alford-Ross, and Rummel 
deposits, which are distributed along a south west ward- 
trending band from sec. 17, T. 1 N., R. 11 W. to sec. 
21, T. 1 S., R. 12 W. In Saline County, a bed of bauxite 
conglomerate overlain by Berger sediments forms an 
apron overlapping the downslope part of the Hurricane 
Creek deposit and parts of the Bailey and Tindall 
deposits, in sec. 18, T. 2 S., R. 13 W. Bauxite gravel 
filling channels, probably representing alluvial deposi 
tion during Berger time, has been noted in the lower 
part of the Fletcher deposit and in the middle part of 
the bauxite mined in the Midwest mine. The Saline 
County bauxite gravel deposits, however, do not form 
separate workable beds as do several of those in Pulaski 
County.

UNDERLYING ROCKS

The typical alluvial deposits in the Berger formation 
truncate and rest upon type 2 deposits and finger 
downslope into clastic and carbonaceous sediments. 
The normal sequence of rocks that lie progressively 
beneath a type 3 deposit from the upslope to the down- 
slope ends is bauxite, siderite rock, lignite, and gray 
silty to sandy clay, as is shown in the diagrammatic 
section in figure 51. Well-bedded bauxite rests on 
siderite rock and crossbedded bauxite on lignite in the 
Rummel shaft mine (fig. 27C). Stratified bauxite 
overlies a wedge of gray silty clay that contains a 
lignite layer near the top, in the Ratcliffe open-pit 
mine (pi. 16). The type 3 deposit overlies and trun 
cates pisolitic bauxite of type 3 deposition at all these 
places. A bed of kaolinitic or bauxitic clay underlies 
the bauxite in some type 3 deposits.

SHAPE AND RELATION TO THE UNDERLYING SURFACE

The deposits fill ancient channels, small swamps, and 
depressed areas. They are lobate or tongue shaped in 
plan, lenticular in cross section, and nearly always 
smaller than the type 2 deposits with which they are 
associated. As a rule they extend farther downslope 
than the underlying type 2 deposits but dip at a low
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DEE SI. Generalized cross section of a type 3 deposit. Stratified and crossbedded bauxite (a) of <» type 3 deposit unconformably overlies pisolitic 
bauxite (6) of a type 2 deposit; bauxite in both deposits is overlain by kaolinitic clay (c). Encroaching sediments of the Berger formation include gray 
silty to sandy clay (d) and lignite (e) that grades upslope into a lens of sideritic rock (shown by light tone). Kaolinitic vetoing beneath lignite and 
kaolinitic clay in the upper part of both bauxite deposits is indicated by dotted pattern.

angle. They have about the same dip as the clastic 
and carbonaceous sediments that overlie them, and 
usually a gentler dip than the underlying type 2
deposits.

THICKNESS

Beds of well-sorted bauxite gravel reach 10 feet or 
more in thickness. The thickest bed on record is the 
upper bauxite bed hi the Birnbach No. 1 ore body, 
Pulaski County. A company drill hole in the middle 
of this body cut 18 feet of stratified bauxite with an 
average grade of 47.2 percent available alumina.

IITHOLOGIC CHARACTER OF THE BAUXITE

The chief detrital constituents of type 3 deposits are 
brown, black, red, white, and gray pisolites and pebbles 
of bauxite. They range from large rounded to sub- 
angular grains and granules, about 2 millimeters in 
diameter, to small cobbles, that reach 10 centimeters in 
length. Subspherical pisolites, a few millimeters across 
are the most common. They are generally in layers that 
are 1 to 5 centimeters thick and moderately well sorted. 
Nearly all the pisolites and pebbles are hard and cherty 
and break with a conchoidal fracture. The larger 
ones lack an outer rind and are distributed through the 
rock so that they touch one another. This distribution 
is further evidence of their transportation and redeposi- 
tion. The soft tan rinds that surround so many con 
cretionary bodies in types 1 and 2 deposits were 
probably worn off as the pisolites and pebbles were 
transported.

Examination under the microscope shows that the 
pisolites are composed of an opaque dark brown 
substance that probably is chiefly cryptocrystalline

gibbsite, as corroborated by chemical atid -r-ray 
analysis and also by differential thermal analysis. 
The pisolites are cut by a network of veinlets and 
cracks that extend inward from the edge as shown in the 
photomicrograph, figure 25D. Some of these veinlets 
contain microcrystallme gibbsite, others kaolinite. A 
few of the smaller pebbles, usually smooth ard el 
lipsoidal, are composed of a microcrystallme aggregate 
of gibbsite.

The interstices between pisolites and pebbles contain 
many small brownish subangular to subrounded grains 
of "amorphous" gibbsite, and a few nearly spherical 
bodies some of which appear to be oolites, about 0.5-2.0 
millimeters across. They usually are surrounded by a 
transparent or faintly brown-stained crystalline gibbsite 
matrix.

The three principal cementing materials are finely 
crystalline gibbsite, granular siderite, and kaolinite in 
masses and wormlike crystals. They apparently framed 
in the order named, although whether the kaolinite or 
siderite was first is not always indicated. Probably 
the two were contemporaneous. Study of hand speci 
mens and thin sections from different parts of the etrati- 
fied bauxite bed in the RatclifFe deposit has shown the 
principal relationship. Gibbsite coats many of the 
pisolites, in some places forming well-defined tabular 
crystals (fig. 24 D) and in others forming a finely crystal 
line groundmass around the "amorphous" grairs be 
tween pisolites (fig. 25Z>). A hand specimen from the 
Dixie Lease mine (fig. 25^4) shows a rock contrining 
crystalline gibbsite cement that was cut by later 
kaolinite veins. The kaolinite cuts pisolites and gibbs- 
itic matrix, surrounds torn-off fragments of the earlier
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matrix in places, or has been inserted between pisolite 
and matrix. In other places siderite in interlocking 
subhedral to anhedral grains fills cavities, many of 
which are lined with gibbsite crystals and masses of 
microcrystalline gibbsite. In a few places tabular 
gibbsite crystals are enclosed within siderite grains.

Gravel- and sand-filled channels were seen in the 
Fletcher mine, within the lower bauxite bed and only 
a few feet above the surface of the Wills Point forma 
tion, as shown in figure 52. One of the uppermost

FIGURE 52. Diagrammatic sketch of channels filled with bauxite, sand, and gravel 
in the Fletcher mine, Saline County. The vertical section represents about 40 feet.

channels, 15-20 feet wide, was lined with lignite as 
much as an inch thick. Within an individual lens, as 
seen in cross section, the waterworn bauxite detritus 
is limited to about the same grain size. X-ray and 
optical examination of the heavy mineral fraction 
in clean black cherty pebbles from a lens of cemented 
gravel showed the minerals listed below.

Minerals identified by X-ray analysis in black cherty pebbles from 
the Fletcher mine, Saline County

[Analyst, J. M. Axelrod. Mineral separations and optical examination by 
M. L. Lindberg. Specimen AB-60-1]

Minerals

Boehmite
Hematite _____
Maghemite_
5Fe2O3 (unknown mineral)
Siderite ____ ___ _ __ ___
Ilmenite ______ ____
Anatase___ ____
Rutile__ _ ___ _ _
Zircon
Unidentified opaque minerals
Staining matter __ _ _ _ _

i

Medium

V
X

v

X
v

2

Medinm- 
heavy

V

v

v
v

3

Heavy

V

X
X
X
X
X
X
X
X
X
X

1. Material with about the same specific gravity as bromoform.
2. Bromoform sinks, methylene iodide floats.
3. Methylene iodide sinks.

The minor elements in three specimens of bauxite 
from these gravel deposits, including the pel Mes from 
the Fletcher mine just referred to, were determined 
by spectrographic methods and are given in the table 
below. The results of the spectrographic vrork were 
discussed earlier in the section on the chemical char 
acteristics of Arkansas bauxite on pages 96-99.

Spectrographic determination of minor elements in bauxite from 
type 3 deposits, in percent

[Analyst, K. J. Murata]

Element

Ti_      ___         -_
Ca_                
Zr______-__________------
Ba
Sr______-________-_-_-___
Mn  _   ____       --  
Nb___ _   ___          
Mg_               _
Cr_______________---___-_
V _ ______
¥______-________-------_
Ga____ _ ____ _ ________
B _ _ -_--_
La
Mo      _-__--_--     _
NL        _   --    
Pb__    _   _-        
Be_           _-     -
Sc___-__-____-___--------
Cu______ ____-_     -_  
Co_______________-___-___

i

1.4
. 1
. 08
.06
. 02
. 01
. 02
. 03
. 03
. 02
.006
. 009
. 009

. 002

.004

.001

. 0009

. 001

2

1 5
2
2
1
09
06
08
03
02
02
02
009
009

005
005
001
0007
001
001
002

3

0 2
3
1
02
05
05
02
05
004
007
01
01
003
02
002

0007
002
0004

Looked for but not found: Sn, Ag, Bi, Sb, As, Tl, Ge, In, Ta, and P.
1. Stratified bauxite composed of oolites and pisolites in a gibbsitic matrix (speci 

men AB-11-1; figs. 24D, 25D), from the Harley mine, Pulaski Cpurty.
2. Firmly cemented dark-brown to black hard cherty-looking pisql'tes and pebbles 

(specimen AB-28-2; fig. 24C), from a crossbedded bauxite gravel ir the Reichardt 
mine, Pulaski County.

3. Black cherty bauxite pebbles (specimen AB-60-1) from a bauxite gravel lens 
in the Fletcher mine, Saline County.

HARDCAP

The upper part of the bauxite gravel deposits con 
tains scattered white to dark-gray, hard masses of 
kaolin, which are about the size of the bauxite pebbles. 
They are concentrated at the top and are less1 abundant 
downward. The kaolin is best developed in the bauxite 
gravel beneath a kaolinitic clay bed which is in turn 
overlain by a lignite bed, as shown in the diagrammatic 
sketch (fig. 51). The kaolin fills cavities between tiny 
veinlets within the hard pisolites and pebbles. Locally, 
small patches of the gibbsitic matrix are replaced by 
kaolinite, but this is a minor phenomenon.

Gibbsite pebbles occur in a hard cellulp.r bauxitic 
to kaolinitic matrix much like the hardcap ever type 2 
deposits. A specimen of this material from USBM 
drill hole 18-231 in the Brown deposit is illustrated in 
figure 505 and has been described in the section dealing 
with type 2 deposits, page 128. This specimen was 
found above a lignite layer at the base of a type 3 
deposit, and probably was formed by the replication of
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soft bauxitic material by ground-water solutions that 
moved freely through the gravel. Chemical analyses 
of pebbles and matrix from USBM drill holes in the 
vicinity of drill hole 18-231 are given in the table below. 
Under the microscope the pebbles are seen to consist 
chiefly of microcrystalline gibbsite and minor amount 
of kaolinite and siclerite. The matrix is composed of 
kaolinite and small scattered microcrystalline gibbsite 
aggregates. Minerals identified by X-ray methods in 
a sample from drill hole 18-231 have been listed in the 
table on page 128.

Chemical analyses of bauxite pebbles and bauxitic matrix, in percent, 
from drill holes in the Brown deposit, Pulaski County

[Analyses by U. S. Bureau of Mines field laboratory, Little Rock, Ark.]

AlaOs---    -       --       -   
SiOo________ ____     --   _      
Fe as Fe2 O 3 -- ------ _______ _ _
TiOo----_______^____ ___-._-____

Insoluble

Pebbles

1

61. 5 
4. 0 
1. 3 

. 8 
31.4 

1. 0

2a

55. 7 
14. 1 

1. 3 
. 7 

27. 1 
1. 1

Matrix

2b

44. 6 
27.7 

4. 6 
1. 5 

20. 2 
1. 4

1. Gray hard bauxite pebble from USBM drill hole 5-119, depth 258.8 feet, R. L. 
Brown property, NEJ4SEW sec. 15, T. 1 S., R. 12 W., Pulaski County.

2a. Grayish-tan hard bauxite pebble from USBM drill hole 5-126, depth 263.4 to 
267.0 feet, J. E. Maughn and T. A. Dillaha property, NWJ4SE}4SE}4 sec. 15, T. 
1 S., R. 12 W., Pulaski County.

2b. Same drill hole and depth interval as sample 2a, but from the gray hard pisolitic 
bauxitic clay matrix only.

A bed of hard dark bauxite pisolites containing some 
pebbles of the same material enclosed in a firm gray 
kaolinitic matrix overlies pisolitic bauxite of type 2 
deposition in the Kramer Extension deposit. The 
two bauxite beds are separated by about 3 feet of 
pisolitic bauxitic clay. Chemical analyses of the matrix 
and pisolites in the table below show the difference in 
composition. In this specimen the secondary kaolinitic 
matrix is unusually low in titaiiia.

Chemical analyses of pisolites, rinds, and kaolinitic matrix of gray 
pisolitic and pebbly bauxite from a drill hole in the Kramer 
Extension deposit, in percent

[Analyses by U. S. Bureau of Mines field laboratory, Little Rock, Ark. Samples 
selected and prepared by F. A. Hildebrand]

AljOs               
SiO 2                -
Fe as FesOs- .-_ __ - ___
TiOj..           -

FeO...   --     - 

1

59.8
2.9
1.7
3.2

31.8
.6
.6

Pisolites

2

59.9
3.0
2.2
3.7

30.1
1.1
.9

3

57.6
6.0
1.6
3.2

30.8
.8
.7

Matrix

4

42.6
40.0

1.2
.5

.2

Pisolites 
and matrix

5

19.8
1.4
4. 1

.9

.3

1. Gray hard pisolitic to pebbly bauxite in USBM drill hole 5-317, depth 311.7 to 
311.9 feet, Lou Ella La Pierre property, in the SEkSW^SWii sec. 16, T. 1 S., R. 
12 W., Pulaski County; analysis of selected pisolites only.

2. Same 0.2-fqot core as sample 1; hard interiors of other selected pisolites only.
3. Same pisolites as sample 2; analysis of rinds only.
4. Gray kaolinitic matrix of the same 0.2-foot core.
5. Analysis of the entire core from 311.7 to 312.9 feet.

In places the top of the bauxite gravel beds, 
contains enough granular siderite to constitute an in 
durated ferruginous capping. In the east-central part 
of the Ratcliffe pit, this capping probably formed a 
short distance upslope from lenticular lignite beds that 
overlie the bauxite and kaolinitic clay as shown in 
figure 51.

Overday. The kaolinitic clay above type 3 deposits; 
does not differ from the clay overlying type 2 deposits. 
The kaolinitic clay does not exceed 5 feet in thickness, 
and averages 1 to 2 feet.

RELATION TO THE ENCLOSING DEPOSITS

The downslope parts of the bauxite gravel deposits, 
generally overlie, finger laterally into, and underlie the 
clastic and carbonaceous beds of the Berger formation, 
but are separated from them by a gray kaolinitic clay 
bed containing bauxite pebbles and fragments. Strati- 
graphically the gravel deposits occur from about 60 
feet below to within a few feet of the top of the fo~ma-
tion.

MINES

All the ore worked in the Dixie Lease, Dorough, Eng 
land pit, Haiiey, Keenzel, Morgan, Reichardt shaft, 
and Thorpe mines and part of the ore in the Dixie No. 
2, Ratcliffe, and Rummel mines was bauxite of fluviatile 
deposition. These mines are all in Pulaski County.

TYPE 4. CONGLOMERATIC DEPOSITS AT OR NEAR THE 
BASE OF TELE SALINE FORMATION

DISTRIBUTION

Deposits of bauxite boulders and finer bauxite and 
clay detritus are found in several parts of the Saline 
dome, mostly on the middle and lower slopes. They 
form a thick bed locally, at the base of the Saline forma 
tion (fig. 53). The rubble deposits are large ard of 
high enough grade to be of commercial importance in 
sees. 11, 15, 28, 33 and in the NEtf sec. 24, T. 2 S., R. 
14 W. Owing to the spotty nature of the ore and the 
low grade of most of the bauxitic material, the Pmits 
of these basal Saline sediments are only incompletely 
known.

UNDERLYING ROCKS

The most extensive type 4 deposits are at the base 
of the Saline formation, and overlie the eroded surface 
of the Berger formation. They grade upslope into the 
rubbly part of the residual type 1 deposits, from which 
the detrital constituents are largely derived (fig. 53). 
Similar but smaller lenticular conglomerate beds tongue 
into the Saline sediments overlying type 1 deposits. 
In a few places on the higher slopes of the nepheline 
syenite hill the bauxite rubble fills channels that have 
been cut into the weathered residual rock. A renc nant 
of one of these, in the western part of the Section 15 
mine, is shown in figure 54.
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?pH4:':'Av: Upper unit of Wilcox groupl

FIOURE 53. Generalized cross section of a type 4 deposit. The conglomerate bauxite and clay bed (A) lies at the base of the upper unit of the 
Wilcox group below dark carbonaceous clay interlaminated with sand. It overlies unconformably gray sandy to silty clay and lignite of the 
lower unit of the Wilcox group. Some parts are mostly a coarse bauxite rubble (Ai); others contain considerable clay and some sand (An), ani 
there are also channels filled with bauxite fragments and pisolites in a clay or bauxitic clay matrix (As). Bed (A) grades upslope into the upper 
part of a type 1 deposit (B) of which pisolitic and vermicular bauxite of the zone of concretion (Bi) and granitic-textured bauxite of the zone 
of leaching (Bj) are shown. These overlie structureless or fragmental kaolinitic clay (Ci) that grades downward through kaolinized nepheline 
syenite (Co) into fresher rock (Ca). Small rubbly lenses (D) similar to the basal bed of the upper unit of the Wileox group (A) finger out int^ 
higher sediments of the Wilcox group.

but the lower part of it may have been deposited in 
Berger time. These mines are all at or near tl e upslope 
edge of the Berger formation. Thicker deposits of 
lower grade material have been reported farther out on 
the Berger surface. As much as 30 feet of br.uxite and 
clay was logged in company drill holes in the basal bed 
of the Saline formation in parts of sec. 28. In one Alcoa 
drill hole in this area, 26 feet of low-grade bauxite, 
determined by chemical analysis, was present.

IITHOLOGIC CHARACTER OF THE BAUXITE

Where the alluvial deposits mantle the scopes and 
cover residual deposits, they consist of a rubble of 
medium- to large-sized blocks, many of v-hich are 
irregular and angular. The largest blocks exceed 4 feet 
across. They are composed of the lithologic varieties 
of bauxite that are found in the residual deposits. 
Single blocks contain several varieties, including 
boulders of kaolinized nepheline syenite. Tv e matrix 
that surrounds the boulders is bauxitic, some of it a 
high-grade bauxite, where the alluvial deposits fringe 
or lie a short distance downslope from extensive residual 
bauxite deposits. The matrix in the upper part of the 
alluvial bauxite beds, just beneath the clastic Saline 
sediments, and also farther out on the surface of the 
Berger formation, generally contains considerable clay 
and sand.

Several specimens from the conglomeratic upper part 
of the bauxite in the Midwest open-pit mine were col 
lected and studied by M. I. Goldman and the writers, 
by means of thin sections and chemical analyses (fig. 55) 
In one corner of the pit the upper few feet of bauxite 
rubble has a dark carbonaceous clay matrix and merges 
upward with the carbonaceous sand of the Saline for 
mation. It grades laterally, as well as downward, into 
rubbly bauxite with a bauxitic matrix. Chemical

Fragmental kaolinitic clay

FIGURE 54. Bauxite boulder conglomerate of Saline age overlying granitic-textured 
bauxitic clay.

SHAPE AND RELATION TO THE UNDERLYING SURFACE

The basal contact of a type 4 deposit is always an 
unconformable one. On higher slopes the bauxite 
rubble is confined to narrow channels cut in the weath 
ered nepheline syenite rocks. On the middle slopes it 
overlies type 1 deposits in poorly defined patches that 
merge with the residual bauxite. The tendency of 
adjacent bauxite blocks to cement together, even though 
separated by an erosional break, is a characteristic of 
bauxite that can be noted in present day stockpiles and 
waste dumps.

Along the break in slope where the weathered residual 
surface of the nepheline syenite is overlain by the upper 
edge, of the Berger formation the bauxite boulders are 
piled in a jumble of large blocks within a bauxite or clay 
matrix, and it is here that the type 4 deposits are min- 
able. The bauxite and clay extend outward as much as 
a mile in a lobate blanket over the Berger surface.

THICKNESS

In the Fletcher mine the upper rubble bed has an 
average thickness of about 15 feet and the maximum 
known minable thickness is 18 feet. The. upper bed in 
the nearby Townsend mine is 14 feet thick. In the 
Midwest mine the upper bauxite bed is 18 feet thick,
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analyses of the rubble, cobbles, and matrix are given 
in table 12.

The specimens listed in the table vary greatly in 
composition. The boulders retain about the same gibb- 
site or kaolinite content as similar-appearing rock in 
place in the type 1 deposits upslope. The matrix 
ranges in composition from a highly gibbsitic rock to a 
kaolinitic clay with carbonaceous staining.

TABLE 12. Chemical analyses of bauxite cobbles and clay matrix 
from the conglomeratic upper bauxite bed in the Midwest mine, 
in percent

[Analyses by U. S. Bureau of Mines field laboratory, Little Rock, Ark.]

Al2Os           
SIO2             

Ti02   -_     -  

FeO        

1

58.0
3.9
1.3
.8

35.7
.3
.2

2

38.5
37.1
3.5
1.4

18.8
.7
.6

3a

37.3
25.4
13.0
2.7

21.1
.5

10.2

3b

31.6
32.4
15.5
1.9

18.2
.4

14.0

4

46.4
6.4

14.5
2.6

29.7
.4

12.0

5

51.7
6.0
8.8
2.8

30.2
.5

6.4

6

55.7
.7

5.9
3.4

32.5
1.8
4.4

1. Gray granitic-textured bauxite from a cobble (specimen AB-89-1) collected at 
the top of the bed, immediately below brown carbonaceous sand. The cobble was 
coated with a film of pyrite and enclosed in a carbonaceous clay matrix, which were 
removed before analyzing.

2. Black carbonaceous clay matrix from a bauxite conglomerate containing reddish 
and tan pisolitic pebbles (specimen AB-89-2; fig. 55(7), from the top of the bed.

3a. Brown matrix containing a few small white fragments of a bauxitic rock (speci 
men AB-89-6) that surrounds a large kaolinized nepheline syenite boulder in the 
southeast corner of the Midwest pit.

3b. Predominantly white fragments from the same matrix.
4. Orange-red sideritic granitic-textured bauxite debris (AB-89-6a) from the same 

locality as sample 3.
5. Hard brittle chertlike bauxitic rock (specimen AB-89-8) irregularly mottled dull 

red and grayish tan, that surrounds bodies of brown pisolitic bauxite with indistinct 
boundaries, immediately below the bauxite conglomerate with carbonaceous matrix, 
at the north end of the east wall of the pit.

6. Tan bauxite rubble containing grayish tan pisolitic pebbles and cobbles in a 
fine bauxite matrix (specimen AB-89-10; fig. 55^4) collected at or near the top of the 
upper bauxite bed, near the center of the west wall of the pit

One of the specimens shown in table 12 (AB-89-10) 
also was examined spectrographically, and the minor 
elements are shown in the tabulation below. The 
results of the spectrographic work have been discussed 
in the section of this report on the chemical-features of 
Arkansas bauxite. The concentration of minor ele 
ments in this sample, except for manganese, is slightly 
higher than was determined in three samples from 
type 1 deposits. Too few samples have been examined, 
however, to draw any conclusions as to secondary 
concentration of the minor elements by bauxitization 
and by later processes.

Spectrographic determination of minor elements in a sample of 
bauxite rubble from the Midwest mine, Saline County, in percent

[Analyst, K. J. Murata]

Element

Ti_______
Zr____  
Ca _ .__
Mg___'__
Nb.-__  
Mn _

Percent

1 8 
2 
2 
09 
08 
05

Element

Ba______
Sr_______
La
¥_______
Cr___-__
V.___ __

Percent

0 04 
03 
02 
02 
02 
01

Element

Ga______
Mo__ _
B
Cu______
Pb
Hr

Percent

0 008 
002 
002 
001 
001 
0006

Looked for but not found: Be, Ni, Co, Sn, Ag, Bi, Sb, As, Tl, Ge, In, Ta, and P.

In thin section the granitic-textured rock, sample I in 
table 12, is almost entirely an aggregate of microcrystal- 
line and finely crystalline gibbsite that has replaced in 
terlocking feldspar crystals of an original nepheline sye 
nite rock. Many small cavities are empty. Scattered 
through the rock are small euhedral black opaque grains, 
some as skeleton crystals, most of which appear to be 
ilmenite, also several tiny pyrite grains. There is con 
siderable brown staining.

The conglomeratic rock containing pebbles and a thin 
section cut from the same specimen are shown in figure 
55(7, D. The matrix, sample 2, table 12, is composed of 
fine kaolinite flakes stained light brown by carbona 
ceous matter. A few scattered macerated plant frag 
ments exhibit a distinct cellular structure. Some small 
angular fragments are composed of finely crystalline 
gibbsite without rinds. The interior of the pinkish-tan 
pebbles is composed of microcrystalline gibbsite patches 
of different sizes, including the opaque cryptocrystalline 
variety. The pebbles have a broad dark brown-stained 
border of material similar to that in the interior and also 
contain fresh-looking finely crystalline gibbsite aggre 
gates enclosed by black opaque bodies and scattered 
specks probably of iron sulfides and carbonaceous mat 
ter. The outer edge of this border is light brown to 
grayish and contains white translucent masses of tiny 
contorted wormlike crystals of kaolinite filling cavities 
and pore spaces. In several of the pebbles the gibbsitic 
interior forms a meshwork and the spaces between are 
filled with kaolinite similar to that in the outer rim. 
The kaolinite crystals within the pebbles are lighter 
colored, larger, and fresher looking than the brown- 
stained kaolinite in the matrix. A few patches of these 
white kaolinite crystals fill cavities, indicating that they 
formed later than the matrix.

The matrix rock (table 12, samples 3a and 3b) has a 
detrital appearance in thin section. The groundmass is 
composed of fine kaolinite mixed with scattered fine 
crystals and microcrystalline aggregates of gibbsite, and 
fragments and sections of accordionlike kaolinite crys 
tals, as much as 0.15 millimeter in width. Clear trans 
lucent patches of kaolinite finger irregularly into the 
surrounding matrix and appear to be secondary. Brown 
to gray spherulites and grains of siderite, as much as 
2.0 millimeter in diameter, are scattered through the 
rock. They have formed in place and several have 
grown into and through gibbsite aggregates. The dark 
opaque minerals are sparsely distributed and the recog 
nizable ones include dark-brown patches of leucoxene 
(anatase), black subhedral grains of ilmenite, and 
several grains of pyrite.

In contrast to the specimens with kaolinitic matrices 
is the low-silica bauxite (table 12, sample 6; fig. 55.4), 
in which pebbles and cobbles of pisolitic bauxite are
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enclosed in a matrix of fine grains, oolites, pisolites, 
and angular fragments of bauxite. The pisolitic baux 
ite in the pebbles appears soft and porous. In thin 
section it consists of brownish opaque cryptocrystalline 
gibbsite, containing tiny cavities and veinlets lined 
with a thin coating of microcrystalline gibbsite. A 
variety of fragments in the matrix is composed of white 
to grayish translucent finely crystalline to microcrystal 
line gibbsite aggregates, and the tan cryptocrystalline 
form. The fragments are cemented with gray ramifying 
grains of siderite which also fill many of the pore spaces 
within the larger pebbles. The siderite is oxidized and 
«tained dark brown, particularly within the matrix. 
A small cavity lined with siderite is filled with fine 
gibbsite crystals. The dark minerals include illmenite 
and aiiatase.

Variety is the rule in the lithologic composition of a 
type 4 bauxite deposit. The specimens and sections 
that have been described give a general idea of several 
of the rock types. Each detrital fragment and block 
records the history of the rock from which it was 
derived. Secondary minerals that formed after the 
bed was deposited include siderite, kaolinite, and 
gibbsite.

The basal Saline formation generally contains more 
clay and sand away from the source of the detritus, as 
indicated in figure 53. In several drill hole sections 
logged by the Geological Survey in sec. 28 T. 2 S., K. 14 
W., most of the bed is made up of kaolinitic orbauxitic 
clay. However, channels and pockets within the bed 
are filled with high-grade rubbly bauxite.

The bed is extensive opposite the southwest slope of 
the Saline dome. It covers most of the WK sec. 28 
and the EK sec. 33 and extends into the SW^SWM sec, 
34. It spreads out as a blanket above the Young, 
Sutton, and West Cargill deposits, all of which are 
type 2 ore bodies. The bed is about 20 to 60 feet 
higher in the section than the bauxite-kaolin facies, and 
the stratigraphic interval between is occupied by car 
bonaceous and clastic beds of the Berger formation. 
In the eastern part of sec. 28 the bed probably grades 
upslope into the large type 1 deposit that contains the 
Ozark 28 and Globe 28 mines, but drilling information 
is not available to confirm or deny this assumption.

Throughout most of the area where the basal Saline 
overlies the Berger formation the Saline contains low- 
grade bauxite, usually having an average analysis com 
parable to bauxitic clay. Where the bed overlies the 
Young mine of the Crouch Mining Co., it is composed 
of hard bauxite pebbles and cobbles in a clay matrix. 
The mine superintendent L. W. Richards, informed the 
writers in October 1948 that a concentrate of abrasive- 
grade bauxite can be derived by washing clay from the

hard pebbles and cobbles in the middle 8 feet of the 
14-foot bed. About a ton of water served to clean a 
ton of the raw bauxite. If other parts of this extensive 
bed contain a larse amount of similar rock, the appUca- 
tion of simple washing methods may add materially to 
the commercial importance of these alluvial (typ°- 4) 
deposits.

RELATION TO OTHER SEDIMENTS OF THE SALINE FORMATION

The manner in which the conglomeratic bauxite and 
clay beds grade upward into the brown sand and silty 
carbonaceous clay of the Saline formation has been 
described. Downslope the rubble beds grade and 
finger laterally into sand and carbonaceous clay beds 
similar to those that overlie the deposits. Where this 
lateral change takes place they lie deeply buried, hence 
the details of the passage from one type of rock to the 
other are not known only its occurrence is known 
from drill-hole information.

Where the Saline formation fringes the up1 and 
of Paleozoic age in the vicinity of the town of Benton, 
a conglomerate facies is composed principally of 
siliceous pebbles and cobbles derived from the rocks 
of Paleozoic age. This facies is described in the 
stratigraphic section of this report. These conglomer 
ate beds are equivalent to those of the type 4 deports. 
The pebbles and cobbles record the increased erosional 
activity that marked the early part of Saline time.

MINES

This type of deposit has been mined, at least in part, 
as an upper bed in the Childress, Fletcher, Gray, 
Midwest, and Townsend mines in Saline County.

ORIGIN OF THE DEPOSITS

The origin of bauxite has engaged the attention of 
geologists for more than a hundred years. It now is 
generally agreed that bauxite forms as the product of 
weathering under conditions that accompany a tropical 
or subtropical climate, but relatively little is known of 
the sequence of chemical and physical changes that 
take place. Bauxite deposits have been divided into 
two main categories: those derived from the weathering 
of igneous rocks and then- residual clays, the lateritic 
bauxite; and those derived from clay weathered from 
limestone, the terra rossa bauxite. The Arkansas 
deposits, with modifications, belong to the first category.

HISTORICAL REVIEW OF THE THEORIES ON ORIGIN

The probable origin of the Arkansas deposits has 
been discussed by several writers, notably Williams 
(1891), Branner (1897), Hayes (1901), Mead (1U5), 
Bramlette (1936), and Goldman and Tracey (1£46). 
The theories advanced for the genesis of Arkansas
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bauxite fall into the same three groups under which 
Harder (1930, p. 86-104) has classified those advanced 
for bauxite in general as follows: chemical sedimenta 
tion, weathering in place, and detrital deposition.

The geologists who wrote the early reports on the 
Arkansas deposits all recognized the close association 
of the bauxite and the nepheline syenite, but attributed 
the origin of the bauxite to hot waters charged with 
aluminum salts that emanated from the nepheline 
syenite. In this they followed European geologists 
such as Coquand (1870-71), Meunier (1889), Collot 
(1887), and Auge (1888), who had suggested a hot-water 
origin for the French bauxite deposits many of which 
are associated with limestone. Some of the ideas of 
the early European writers were briefly reviewed by 
Branner (1897, p. 294-297).

Williams (1891, p. 125) states that the waters of the 
Tertiary sea penetrated to the still highly heated igneous 
rocks, dissolving their constituents in different propor 
tions. The waters came to the surface in hot springs 
where excess matter precipitated as a basic hydrate of 
aluminum and iron, whereas the more soluble salts of 
the alkalis remained in solution. The pisolites probably 
were formed by agitation of the bubbling hot, water. 
Williams (1891, p. 124) suggested as an alternative 
that the bauxite was formed by the decomposition of 
a bed of clastic material derived principally from the 
nepbeline syenite, but considered this probability to be 
less likely.

J. C. Branner (1897, p. 294-297) suggested that the 
hot springs discharged directly into the marginal waters 
of the Tertiary sea. Here the aluminous salts were 
precipitated, and the pisolites were formed by agitation 
of the waves and nearshore currents. He attributed 
the boulderlike form of some masses of pisolitic bauxite 
to the action of storm waves on the principal bed of 
bauxite that possibly was exposed at low tide. Branner 
stated that none of the bauxite was formed in place 
by alteration of another rock. It should be pointed 
out, however, that neither Branner nor Williams had 
seen the granitic-textured variety of bauxite, uncovered 
when mining operations began later in Saline County.

Hayes (1901, p. 461-466) recognized that part of the 
bauxite has a granitic texture similar to that of the 
nepheline syenite and he considered this evidence for 
the derivation of part of the bauxite as an alteration 
product of the igneous rock. But he postulated that 
the alteration was caused by the action of hot waters 
from the nepheline syenite that deposited a gelatinous 
precipitate in the bottom of an overlying salt or highly 
alkaline body of water, probably not directly connected 
with the sea. The granitic-textured bauxite formed as 
a metasomatic replacement of the nepheline syenite, 
and boulders of it were mixed with the chemicallv

precipitated pisolitic form, by currents within the 
water body.

The writers cited above were all aware of the earlier 
statements of Liebrich (1892) on the probable origin 
by decomposition of basaltic igneous rock of the bauxite 
deposits of the Vogelsberg Mountains near Giessen, 
Germany. But they did not consider that weathering 
could satisfactorily account for the Arkansas deposits. 
Liebrich, who in part was quoting the work of Streng, 
stated that all the bauxite in the Hessian fields was 
derived from igneous rock, but that the process that 
resulted in the formation of the pisolitic variety was 
complex and as yet unknown.

So far as the writers have been able to determine, the 
first to suggest that bauxite is derived from the weather 
ing of igneous rock was Dieulafait (1881). The presence 
of titanium and vanadium in tiny amounts in many 
bauxite deposits led him to suspect such an origin. He 
reasoned that during the weathering of a granite, for 
example, a sand is formed of undecomposed quartz, 
feldspar, and ferromagnesian minerals, but part of the 
feldspar is also decomposed, leaving an essentially 
aluminous and ferruginous residue. This residue, he 
believed, is transported by wind action and parts of it 
are deposited in nearby basins in sufficient concentration 
and quantity to constitute bauxite deposits.

The work of Max Bauer (1898) on weathered rocks 
from the Seychelles Islands demonstrated that the rock 
called laterite consists essentially of a mixture of gibbs- 
ite and hydrous iron oxides, with or without quartz, 
and is derived in place from the alteration of feldspar 
and ferromagnesian minerals of the original igneous 
rock. He noted that this material was similar to the 
bauxite from the Vogelsberg Mountains in Germany.

One of the most enlightening reports on the origin of 
bauxite deposits by weathering in place and also by 
subsequent transportation and redeposition, was that of 
Lacroix (1913) on the laterite deposits of French 
Guinea and their associated alteration products. 
Lacroix showed by means of chemical aralyses and 
microscopic study the characteristics of residual 
deposits on nepheline syenite, gabbro, diabase, and 
peridotite, as well as the alluvial deposits derived from 
them. He mentioned the Arkansas deposits in a foot 
note (p. 344) stating that he had visited the Granite 
Mountain area in Pulaski County briefly and had 
noted the similarity of the pisolitic bauxite there to the 
zone of concretion at Gaya, French Guinea. He 
apparently believed that the Arkansas deposits were 
the products of weathering like those in Africa, though 
he did not state so directly.

Mead (1915, p. 44-54) first clearly demonstrated 
that the residual deposits in Saline County are the 
product of subaerial weathering of the nepheline syenite
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and are not chemical sediments. He based his argu 
ment on the following evidence:
1. An obvious genetic relationship between the bauxite and 

nepheline syenite because of their similar distribution.
2. The apparent gradation from nepheline syenite through 

kaolinized nepheline syenite to bauxite, observed wherever 
a fresh cross section is available.

3. Preservation of the granitic texture in parts of the bauxite and 
kaolin, and also of feldspar shapes replaced by gibbsite 
within pisolites.

4. Irregular surface at the base of the bauxite which could have 
been produced only by weathering.

5. Presence of kaolinized decomposition boulders of nepheline 
syenite that occur within and grade outward to bauxite.

6. The wide vertical range of distribution of the deposits.
7. High porosity of the bauxite.
8. Presence in the bauxite of the same heavy accessory minerals 

that are found in the nepheline syenite.
9. The apparent chemical gradation between the unaltered 

nepheline syenite through the kaolinized phase to the 
bauxite.

Mead concluded that the nepheline syenite was 
altered first to kaolin and later to bauxite, and that the 
porous structure of the kaolinized phase of the nephe 
line syenite was essential to the alteration of kaolin to 
bauxite. The oolitic or pisolitic texture of the bauxite 
formed in place from the granitic or amorphous types 
of bauxite. Deposits that formed in place from the 
nepheline syrenite show evidence of downward secon 
dary concentration of alumina in that the upper part 
is gradationally higher in silica upward.

Mead likewise called attention to the small detrital 
deposits that occur as lenses interstratified with the 
Tertiary sediments. The lenses, he said, originated on 
the nepheline syenite surface but were removed from 
their place of origin by Tertiary streams. Drill-hole 
cores showed that they have the same heavy accessory 
minerals as the residual bauxite deposits and the 
nepheline syenite.

Behre (1932) noted that lignite commonly overlies 
bauxite in the Arkansas mines and asked if the humic 
waters in the swamps where the lignite was formed 
might not have been instrumental in the alteration of 
the nepheline syenite to bauxite, as kaolin forms under 
such conditions. Ross (1943, p. 232) stated that 
swampy conditions would have been ideal for the for 
mation of both siderite and kaolin but suggested that 
the genetic relation of the bauxite to the kaolin beds 
be given intensive study.

Bramlette (1936, p. 25-31) believed that the bauxite 
was formed chiefly from the weathering of the nepheline 
syenite as well as other surface rocks and that bauxi- 
tization took place in a single period during early 
Wilcox time. The process was controlled by the 
character of the bedrock and favorable climatic, topo 
graphic, and ground-water conditions. Like Mead,

Bramlette believed, that kaolin formed as an interme 
diate stage in the process and added that variation-" in 
the texture and mineral composition of the altered 
nepheline syenite probably accounted for the uneven 
surface of the underclay and for the irregular "horses'* 
of clay within the bauxite. He suggested also that 
most of the original iron in the bauxite was leached in 
the ferrous state and carried downward and precipi 
tated in the zone of abundant spherulites of siderite in 
the kaolinized nepheline syenite. The siderite now 
present in the bauxite, he believed, entered from above 
at a later time, doubtless associated with the rising b«,se 
level and water table and the swampy conditions that 
accompanied the deposition of the Wilcox sedimeits. 
He said that in several places, for example the Ratcliffe 
mine in Pulaski County, the upper part of the bauxite 
was resilicified through the leaching of some of the 
aluminum hydroxide from this zone.

As the result of field studies that accompanied the 
drilling programs described in this report, evidence 
indicates a widespread secondary kaolinization or 
silicificatioii of parts of the Arkansas bauxite deposits. 
Goldman and Tracey (1946) in a preliminary paper 
have presented data indicating that the residual 
bauxite of Arkansas formed directly from fresh nephe 
line syenite and that the kaolin was introduced later. 
Additional data in confirmation of this hypothesis have 
been presented in the section 011 type 1 deposits in the 
present report and will be discussed in the pages that 
follow.

Goldman (1949) also revived the earlier idea of 
Passarge (1895) and of Holland (1903) that some micro 
organism participated in the formation of the bauxite 
by utilizing silica and by preventing silica in solution 
from combining with bauxite. Kuibbs (1928, p. 18) 
remarked that any theory that introduces a living 
agency is supported by the well-substantiated fact of 
the occurrence of bauxite in hot wet climates. But 
Vageler (1933, p. 129), who had a wide acquaintance 
with tropical soils, believed that there are no "latente 
bacteria."

BAUXITIZATION AND KACKLINIZATION

Some geologists consider the thick layer of kaolin 
that lies between the fresh nepheline syenite and the 
bauxite of Arkansas indicates that the formation of 
kaolin was an intermediate stage in the process of 
bauxitization. The complete gradation between the 
bauxite and the kaolin as postulated by Mead is a 
strong argument in favor of this concept.

The writers of this report maintain that the assumed 
gradation is irregular, and in many places does not 
exist. Chemical analyses of samples taken at intervals 
as little as an eighth of an inch apart have been cited
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(p. 118) to show that the change in some places is 
abrupt, in others uneven; thin sections have been de 
scribed wherein kaolin fills pore spaces in the bauxite 
or cuts it in veinlets; photographs have been presented 
and mine faces described that indicate some of the 
Ivaolin was formed in and from bauxite. There is a 
widespread and complete gradation from nepheline sye 
nite to kaolin, and nowhere is bauxite in place in direct 
contact with nepheline syenite. But in the upper well- 
drained parts of residual (type 1) deposits where bauxite 
is in contact with kaolin, the identifiable kaolin is later 
than the bauxite.

This relation indicates that these deposits were af 
fected by a period of kaolinization which followed that 
of bauxitization. It does not mean that kaolin and 
"bauxite were not formed contemporaneously, nor does 
it mean that no bauxite was formed from kaolin. On 
the contrary, evidence presented in this report shows 
that kaolinization was a dominant weathering process 
during Wills Point time and that some kaolinitic clay 
formed in Kiiicaid time. The weathered upper part of 
the Wills Point formation consists largely of kaolinitic 
clay throughout large areas. Moreover, evidence indi 
cates that gibbsite directly replaced kaolinite to form 
part of the bauxite in low-level colluvial (type 2) 
deposits. The processes that resulted in the formation 
either of bauxite or of kaolin apparently continued 
independently of one another and their operation de 
pended upon the chemical and physical conditions that 
prevailed at any locality at a particular time.

Most students of weathering and soil formation agree 
that a tropical or subtropical climate is necessary for 
the formation of bauxite. Kaolinite forms in a tem 
perate climate, but it also is a characteristic product 
of weathering under tropical or subtropical conditions. 
Deep kaolinitic weathering that resulted in the forma 
tion of great masses of kaolin apparently is more char 
acteristic of tropical than of temperate regions.

Campbell (1917, p. 72, 123) believed that alteration 
of crystalline rocks took place before laterite or bauxite 
could form. He suggested that they were partly altered 
to kaolinite or sericite before lateritization. Campbell 
says:

If a rock has not been rendered porous or permeable by rain 
water in the zone of permanent saturation, it will not in the 
tropics undergo material change in the zones above.

This comment concerned the description by Lacroix 
(1913, p. 271) of the fresh condition of igneous rock in 
French Guinea in almost immediate contact with baux- 
itized material containing practically none of the orig 
inal mineral constitutents.

Harrison (1934, p. 37-38) proved, however, by re 
calculation of chemical analyses of thin layers of fresh 
to weathered rock, that the mineral that was first set

free by weathering of the feldspar in baric igneous 
rocks of British Guiana could neither be a hydrous 
aluminum silicate nor a sericitic mica. He said, more 
over,

The microscopic observations in each case I have studied in 
dicate that the mineral of first, and direct formation from the 
plagioclase feldspars is gibbsite [the italics are Harrison's],

Figure 5QA, B shows a sawed section of weathered 
diabase boulder from Hope quarry on the Demerara 
River, about 70 miles south of Georgetown, British 
Guiana. This locality is one of the first investigated 
and described in considerable detail by Harrison (1911, 
p. 120, 353; 1934, p. 21-27) in his study of the kata- 
morphism of igneous rocks under tropical conditions. 
The specimen was collected by E. C. Harder and sent 
to C. S. Ross of the U. S. Geological Survey.

The inner core of the boulder is unweathered diabase 
composed, according to Harrison, of 50 percent plagio 
clase (labradorite) containing alkali-feldspar and inter 
stitial micropegmatite, 42 percent augite, and 4.5 per 
cent ilmenite and titaniferous magnetite. Minor con 
stituents, in decreasing order, are enstatite, biotite, 
olivine, and quartz. The outer crust is a mixture of 
gibbsite and hydrous iron oxides and relatively un 
weathered titanium minerals. Gibbsite is well defined 
in a narrow layer immediately adjacent to the unaltered 
diabase, where it forms small white microcrystalline 
masses visible in the photograph.

Within 1 to 2 millimeters the rock is altered from 
completely fresh diabase to ferruginous bauxite. 
Examination in thin section of the zone of contact dis 
closes feldspar completely fresh at one end and partly 
altered to microcrystalline gibbsite at the o^her. The 
alteration took place from the outside toward the center 
and also along cleavage cracks. Iron oxides and 
scattered gibbsite scales surround remnants of ferro- 
magnesian minerals. There is no evidence of kaolinite 
or of sericite.

Many of the commercial bauxite deposits- in British 
Guiana, however, are separated from the underlying 
fresh rock by a hundred feet or more of residual clay 
(Harder, 1949, p. 902).

Teixeira (1942, p. 160) noted the sharpness of the 
contact between the bauxite and the fresh rock through 
out a large area in the POC.OS de Caldas region Brazil, 
and noted boulders of nepheline syenite with bauxitic 
alteration rims similar to the diabase boulder from 
British Guiana. In other places Pinto (1938, p. 25) 
found a few inches to several feet of clay and kaolinitic 
nepheline syenite between the bauxite and the fresh 
rock.

It is interesting that of the three regions in the world 
where bauxite is formed from nepheline syenite rocks, 
in two of them the Los Islands off the coast of French
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Fin UKE 56. Weathering of diabase to bauxite in British Guiana. A, Block of diabase, the outer rim of which is weathered to ferruginous bauxite 
composed essentially of microcrystalline gibbsite and iron oxides. From Hope quarry near Christianburgh on the Demerara River, British 
Guiana. Half natural size. B, Enlarged view of the bauxitic rim showing the characteristic "spice bread" texture. The white patches are 
nearly pure gibbsite and the darker reddish-brown parts are gibbsite and iron oxides. X 4.



142

West Africa and the Pogos de Caldas region of Brazil - 
bauxite lies in contact with the fresh igneous rock from 
which it was formed. Kaolin also has formed from 
nepheline syenite in those same regions.

Harrison (1934, p. 9) concluded that under tropical 
conditions, the weathering of basic and intermediate 
rocks, at or close to the water table under conditions of 
nearly perfect drainage, is accompanied by the almost 
complete removal of certain minerals. These minerals 
are silica, calcium, magnesium, potassium, and sodium 
leaving an earthy residuum of aluminum trihydrate (in 
its crystalline form of gibbsite), limonite, and a few 
unaltered fragments of feldspars; in some cases second 
ary quartz and other resistant minerals, originally 
present in the rock are left in the residuum. Harrison 
called this process "primary laterization." In this 
report the first stage of the process is called "bauxiti 
zation." According to Harrison it commonly is fol 
lowed by one of resilication, gradually resulting in the 
formation of vast masses of lateritic earths or argil 
laceous laterite, which in the tropics so frequently 
cover wide areas of basic and intermediate rocks. 
Harrison and Lacroix noted that under tropical condi 
tions certain acidic rocks, such as aplite, pegmatite, 
granite, and granite-gneiss do not undergo primary 
lateritization'b-nfrweathep'insfread to clay, or to quartzif- 
«rous impure kaolin. But, according to Harrison, 
lateritic earth and even pot clay may undergo desilica- 
tion, with the formation of concretionary and surficial 
masses of bauxite.

FACTORS THAT CONTROLLED THE WEATHERING PROCESS

Bauxite and bauxitic clay have been found associated 
with and are believed to have been derived from a wide 
variety of rocks and their weathering products in many 
parts of the world. These rocks include nepheline 
syenite, phonolite, syenite, trachyte, granite, pegmatite 
and aplite dikes, diorite, gabbro, basalt, diabase (dol- 
erite), metavolcanic rocks, gneiss, several varieties of 
schist, phyllite, slate, arkose, limestone, and sedimen 
tary clay. Whether bauxite or kaolin will form at any 
given place in the tropics depends upon many factors, 
such as the ratio of precipitation to evaporation, the 
prevailing temperature, the porosity of the source rock, 
elevation above sea level, which affects climate, position 
with regard to topography and drainage, relation to the 
water table, and the pH and humus content of the 
water passing through the rock.

CLIMATE

Most geologists who favor a weathering-in-place 
origin for bauxite have suggested that this takes place 
in warm tropical regions that have alternating wet and 
dry seasons. This theory is well established in the geo 
logic literature on the Indian, African, and Australian

lateritic deposits. Infiltrating water is believed to re 
main in the rock interstices throughout wet monsoon 
periods and drain away during the dry periods, thus 
giving full play to chemical weathering. Studies made 
by soil scientists in widely separated equatorial regions, 
however, indicate that it may be continuous moisture, 
rather than alternating wet and dry periods, that leads 
to the formation of bauxite and high-alumina laterite.

Sherman (1949, p. 342) has presented evidence to 
show that in the Hawaiian Islands, soils with high- 
alumina content as compared to silica form in areas 
of considerable rainfall. He cites a soil with the com 
position of bauxitic clay derived from volcanic ash and 
formed under 273 inches of rain per year.

An examination of stratigraphic evidence in the 
Arkansas bauxite region leads to the conclusion that 
a change from a climate of alternating wet and dry 
seasons to one of continuous moisture may have ush 
ered in the period of bauxite formation; and that a 
return to seasonal dryness may have ended this period. 
Evidence that during late Midway time a strong sea 
sonal fluctuation of rainfall was in effect, is indicated 
by the graded bedding present in the dark-gray silty 
clay of the Wills Point formation. Presumably the 
coarser silty material was deposited by streams enter 

ing the- Midway^sea*during^wet perio,ds,. and,,the^jfiner 
material settled gradually to the bottom during dry 
seasons.

Similar evidence of seasonal variation is found locally 
in the dark chocolate-brown silty to sandy clay in the 
lower part of the Saline formation. Brown silt and 
clay laminae alternate with very thin layers of white 
micaceous clayey quartz sand presumably evidence 
of seasonal fluctuation in deposition on a flood plain.

The Wills Point formation was deposited before 
bauxitization began and probably all the Saline forma 
tion was deposited after it had ceased. The Berger 
formation, however, whose deposition coincided with 
at least part of the period of bauxitization, shows little 
evidence of seasonal variation. On the contrary, the 
abundant lignite, siderite beds, and the general greenish- 
gray color of the sediments indicate that it was chemi 
cally weathered during deposition in a swampy environ 
ment. The bauxite apparently was formed where sili 
cate rocks rich in alumina stood above the permanently 
saturated areas.

TOPOGRAPHY AND DRAINAGE

Free movement of water through the rock for a long 
period resulted in the formation of bauxite. Continu 
ous movement is possible only in topographically ele 
vated well-drained areas. Many residual bauxite de 
posits in the Arkansas field are at the crests of ridges 
or on fairly steep slopes. Comparatively few are in
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the bottoms of valleys. Normally the lower slopes 
and bottoms of valleys are occupied by kaolinitic clay, 
the kaolin appears to have formed in the lower poorly 
drained areas at the same time that bauxite formed on 
Mgher, well drained slopes.

A study of the profiles and sections through the 
bauxite shows that comparatively little steepening of 
surface slopes has taken place. Erosion has resulted 
in truncation of the upper parts of the deposits, and 
deposition on the lower parts, so that the slopes of the 
present surface of the bauxite are gentler than when 
they first formed.

In Arkansas residual (type 1) bauxite deposits that 
rest on kaolinized nepheline syenite dip 10° to 15° 
Imsinward throughout large areas. Upslope dips more 
than 15° are the general rule. The maximum recorded 
slope on the surface of the bauxite is 42° (fig. 34), and 
the slope of the base of the bauxite in places probably 
is greater.

Steep slopes permitted free movement of ground 
water deep in the coarse-grained igneous rock. This 
assumption is borne out by the association of the thick 
est known residual deposit (about 43 feet normal to the 
slope) with the steepest slope (fig. 34).

POROSITY OF SOURCE ROCKS

A loose coarsely porous rock will permit the free 
movement of water through it, therefore if such a rock 
is at or near the surface in the zone of aeration, rain 
water falling upon it will move downward uninterrup 
tedly. In this rock, according to Mohr (1933, p. 18), 
the water movement is intermittently downward, even 
if the rainfall is less than evaporation. Most of the 
source rocks on the nepheline syenite hills in the Ar 
kansas bauxite region were sufficiently porous, either 
because of cavity space in the interstices or because of 
joints and cracks, to insure adequate circulation. Mead 
(1915, p. 51), while postulating that the alteration of 
kaolin resulted in the formation of the bauxite, sug 
gested that it was an open spongy texture that permitted 
and controlled the change from kaolin to bauxite. He 
added that where the clay had an impervious texture 
it was not altered.

The enormous amount of leaching that can be done 
by tropical rain falling on a coarsely porous rock, as 
compared to its almost complete lack of effect on an 
impervious one, explains in part why in Arkansas the 
bauxite deposits were concentrated around the masses 
of igneous rock and why deposits are absent or scarce 
and highly siliceous on the surface of the fine sediments 
of the Midway group.

AITITUDE

Bauxite deposits of late Tertiary to perhaps Recent 
age, weathered principally from igneous rocks or their

residual clays, are found at altitudes from a few tens 
of feet to about 4,700 feet. In British Guiana and 
Surinam, in French West Africa (including French 
Guinea and the Los Islands), and in Madagascar and 
the Seychelles Islands, the formation of bauxite ap 
parently has taken place in relatively low areas where 
the maximum relief does not exceed a few hundred feet, 
but it also has been reported at an altitude of 2,200 
feet in British Guiana. In Gold Coast and Nyasaland, 
bauxite and laterite occur in deposits capping high 
tablelands and plateaus 1,000 to 2,000 feet above the 
surrounding lowlands (Harder, 1949, p. 896). In penin 
sular India many similar tablelands and plateau? are 
capped by laterite containing bauxite deposits that 
range in altitude from 3,000 to 4,700 feet and, less 
commonly, from 1,000 to 3,000 feet. In the planalto 
of POC.OS de Caldas, Brazil, extensive deposits of bauxite 
are found in rolling country at altitudes that range 
from 3,900 to 4,400 feet. Whether the more elevated 
occurrences have been uplifted since the bauxite was 
formed is not known. There must be an altitude above 
which bauxite cannot form an altitude where the 
temperature becomes too low and conditions of weather 
ing more like those in temperate climate are produced, 
which would result in podsolization, rather than laterit- 
ization of the soil.
' As some of the low-level deposits in the Arkansas 
bauxite region are now as much as 240 feet below sea 
level, it seems likely the hills upon which most of the 
bauxite formed were several hundred feet higher in 
early Eocene time than they are now. The summits of 
the Saline and Pulaski nepheline syenite hills probably 
stood at least 700 feet above sea level when the bauxitic 
weathering took place.

EFFECT OF TEMPERATURE

Mohr (1933, p. 15) has explained the role of tempera 
ture, in the formation of tropical soil in controlling the 
relationship between macron1 ora and microflora. The 
macroflora syntheshes organic materials from water 
and carbon dioxide of the air leaving a residue known 
as humus. The bacterial microflora breaks dowr the 
humus the macroflora builds up.

The macroflora grows at temperatures between 0°C 
(32°F) and 45°C (113°F) and has its optimum growth 
at 25°C (77°F). Besides air and water the macroflora 
needs vigorous irradiation. The microflora, given full 
aeration in the soil, does not function efficiently b^low 
10°C (50°F); it has its optimum growth probably 
between 35° and 45°C (95° and 113°F); and can li^e in 
temperatures as high as 80°C (176°F). Microflor?, not 
only needs air and water but sufficient warmth.

The activity of the macroflora in building up humus 
in the soil is shown in figure 57, curve A taken from
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Mohr (1933, p. 15). The activity of the microflora in 
destroying this humus is shown in curve BI in the same 
figure. The vertical solid lines in the diagram show 
where, under conditions of full aeration, the formation 
of humus is in excess of its destruction. Mohr believes 
that 25°C (77°F) is the critical temperature above 
which humus is destroyed faster than it is formed and 
none can exist. At this and higher temperatures water 
moving in well aerated soil above the water table 
carries little organic matter in solution.

Where the soil contains insufficient air a different 
condition prevails. The bacterial microflora is anaerobic 
and sluggish in its activity. Thus organic matter is 
much less rapidly broken down into carbon dioxide 
and water. The decreased activity of these bacteria 
in destroying organic matter is shown in figure 57, 
curve B2 . The area of combined dashed and solid 
vertical lines represents the range of conditions under 
which more organic material accumulates than is 
broken down by anaerobic bacteria. The temperature 
above which all humus is destroyed (about 35°C) is 
higher than the average maximum temperature of 
present moist tropical regions (about 32°C or 90°F) 
marked by the single vertical line; all swamp waters 
and marsh soils, therefore, contain organic matter.

IMPORTANCE OF ORGANIC MATTER IN GROUND WATER

Why so much attention has been paid in the pre 
ceding paragraphs to the formation and destruction of 
humus in the soil will be evident if one considers the 
brief statement regarding the chemistry of weathering 
in tropical regions, made by Mohr (1933, p. 17-18) and 
translated from the Dutch by Pendleton, as follows:

The silicic acid of minerals is relatively most eas'ly soluble in 
pure water (rainwater); the presence of dissolved salts, or car 
bonic acid, or of organic materials decreases the solubility.

Kaolin, which is hydrous aluminum silicate, the basis of all 
that is called clay, also moves in pure water; it does not move in 
water containing salts, or carbonic acid, or organic materials.

Iron oxide and alumina (aluminum oxide), on the contrary, 
are insoluble in pure water and in salt solutions, but go into 
solution as soon as the water contains- humous organic materials, 
or strong acids.

From this it follows that as the leaching occurs with water 
that has no organic materials, in the long run the free silicic 
acid and even the kaolin disappear, but iron oxide and alumina 
remain. Leaching with humous waters, on the contrary, results 
finally in products rich in silicic acid but free from iron and 
alumina.

Bauxite is formed, therefore, when under tropical 
conditions rainwater moves continuously through a 
porous aluminous rock. Kaolin is formed when the 
same rock is acted upon by water containing; dissolved 
organic matter, or strong acids.

WATER TABLE

The importance of the water table in the formation of 
bauxite follows from the statements above. Given a 
high temperature, continuous precipitation, and a 
porous rock, the water in the zone of aeration above the 
capillary fringe of the water table will consist of pure 
or nearly pure rainwater moving downward. Also, 
the coarser the rock, the less the upward ertent of the 
capillary fringe. Under such conditions bauxite will 
form. Below the water table, however, in the zone of 
saturation some organic matter and dissolved salts are 
in solution. Here kaolin will form.

MacLaren (1906) was one of the first to recognize
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the importance of the water table in controlling rock 
weathering. But he believed that a lateritic crust is 
built up chiefly by materials earned in solution by 
ascending water in the capillary fringe, and that this 
crust, therefore, is not the direct product of the de 
composition of a rock in place, but a replacement of the 
decomposition product.

Campbell (1910, p. 436; 1917, p. 121) contended that 
laterite and bauxite were never formed in the zone of 
permanent saturation, otherwise deposits of these 
materials would commonly be found in thicknesses of 
more than a hundred feet. Kaolin, on the other hand, 
forms in this zone and accumulates in such thicknesses. 
Campbell believed that laterite is formed in the zone of 
intermittent saturation, that is, in the zone of seasonal 
fluctuation in the water table and its capillary fringe. 
Such an environment, in peneplaned regions, according 
to Pendleton and Sharasuvana (1946, p. 433), gives rise 
to laterite in the original definition of Buchanan (see 
p. 72), but this rock has been shown by Fox (1936) to 
be a mixture chiefly of hydrous iron oxides and litho- 
marge (kaolinitic clay). Mohr concluded that, layers 
through which ground water moved downward part of 
the time and upward at other times would be more 
enriched in silica than those layers where only down 
ward percolation of rainwater occurred.

Fox (1927, 1932, p. 26-35, figs. 4-8) has shown 
that in peninsular India bauxite is formed as segrega 
tions in soft porous "laterite" well above the water 
table in basaltic plateaus. The ground-water level is 
marked by a bed of laminated siliceous lithomarge, 6 to 
20 feet thick, underneath which kaolinized basalt grades 
downward into the unaltered rock. Apparently the 
lithomarge was formed in the zone of fluctuation of the 
water table and is about equivalent to the siliceous 
laterite that is found in peneplanes in low equatorial 
regions.

Harrison (1934, p. 27-28) believed that aluminous 
laterite is not a product of surface weathering, but is 
characteristic of the level coincident with or slightly 
above the water table. In British Guiana, he found, 
weathered crusts from the surface are higher in silica 
than lateritic crusts nearer the unweathered rock.

Goldich (1948) reemphasized the importance of the 
water table in controlling the formation either of baux 
ite or of kaolin. In speaking of the "transitional" clay 
layer between the bauxite and the parent rock he said:

The clay layer is a normal product in tropical regions where 
weathering has progressed deep enough and where physical con 
ditions permit establishment of a permanent water table. In 
this zone kaolin minerals endellite, halloysite, and kaolinite  
develop either by direct crystallization or by silication of alum 
inum hydroxide. The establishment of a permanent water table 
in a deep weathering profile marks the end of the cycle of later-

ization and a physical-chemical change of conditions favoring 
gibbsite development to those favoring clay minerals.

A review of the copious though scattered literature 
on the genesis of bauxite leads to the conclusion that 
the formation of bauxite is dependent upon the, be 
havior of certain elements in aqueous solution. Gold- 
schmidt (1937, p. 665) has divided the field of elements 
into three parts according to ionic potential (ionic 
charge divided by ionic radius). He describes the 
behavior of these groups of elements in solution as 
follows:

Substances with low ionic potential, such as sodium, calcium, 
and magnesium, remain in true ionic solution in the process of 
weathering and transportation; those with intermediate ionic 
potential are precipitated by hydrolysis, their ions being asso 
ciated with hydroxyl radicals from aqueous solutions; and sub 
stances with still higher ionic potential form anions contrlning 
oxygen and usually again soluble to give true ionic solution.

A modified version of Goldschmidt's diagram of the 
three groups of elements is given in figure 32. How 
closely this concept agrees with results, of the relative 
concentration or depletion of the elements in bauxite 
determined by spectrographic analysis, has been dis 
cussed in the chemical features of Arkansas bauxite on 
pages 96-99.

TIME

The weathering of igneous rock in a tropical climate 
is slow, even under optimum conditions. Many present 
day plateaus capped by laterite and bauxite have been 
uplifted and exposed to weathering since early ir the 
Tertiary period. Bramlette (1936, p. 29) believed that 
the period of bauxitization in Arkansas may have 
lasted in early Wilcox time for 1,000,000 years, or 
longer the Eocene epoch is estimated to have Irsted 
about 13,000,000 years. Our present knowledge that 
bauxite continued to form during the deposition of the 
Berger formation, the lowest of the Wilcox group, pos 
sibly extends the overall period of bauxitization. But 
the stratigraphic relations described earlier in this report 
indicate that the time interval represented by the un 
conformity between the Wills Point and Berger fo^ma- 
tions was shorter than was believed heretofore. Evi 
dence also indicates that the low-level deposits buried 
beneath the Berger were formed during only part of 
the period of bauxitization.

SUMMARY

Bauxitization takes place if the following conditions 
are satisfied:
1. A warm humid climate of continuous moisture, in which 

rainfall considerably exceeds evaporation most of the 
time.

2. A high temperature, probably exceeding 77°F most of the 
time, provides an environment in which the microflon. can
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destroy humus faster than the macroflora can manufacture 
it. (Ground water rich in humic organic material or strong 
acids deposits silica and kaolin and takes alumina and iron 
oxides into solution.)

3. Pure rainwater acts upon a porous aluminous rock, preferably 
coarse grained, that will permit free movement of water.

4. This rock is located in a topographically elevated well-drained 
place, but not so far above sea level that a temperate 
climate and conditions more favorable for podsolization 
will prevail.

5. The rock is above the level of the permanent water table.
6. The conditions listed above last for a long period of time.

The field relations of the Arkansas bauxite deposits 
indicate that these conditions were met, as far as can 
be determined. Evidence of deposition of the sedi 
ments of the Berger formation under chemically re 
ducing conditions indicates a continuously moist 
climate during at least part of the period of bauxitiza- 
tion. A continuously high temperature is indicated 
by the subtropical faunas of the formations of the 
Midway group and the floras of the Wilcox group. 
The source rocks are mostly coarse grained igneous 
rocks, particularly high in alumina. The bauxite that 
formed in place is all located on topographically elevated 
parts of the region. These were well drained, and 
probably stood above the level of the water table until 
the later Tertiary sediments encroached upon them.

ORIGIN OF TYPE 1 DEPOSITS

The residual bauxite deposits on the higher slopes of 
the iiepheliiie syenite hills probably for the most part 
were formed directly by the bauxitization of fresh 
igneous rock. At the same time that bauxite formed on 
well-drained slopes and spurs, kaolin formed in valleys 
and in other poorly drained places on the surface of 
the nepheline syenite. Kaolinitic clay within the 
bauxite deposits, however, and kaolinized nepheline 
syenite underneath the residual bauxite formed mostly 
after the period of bauxitization ended, rather than as 
an intermediate stage in the derivation of bauxite from 
nepheline syenite. The following are the principal 
criteria that favor the direct genesis of bauxite from 
fresh rock.

1. Bauxite is derived directly from fresh igneous rock 
in subtropical to tropical regions, notably the Los 
Islands off French West Africa, parts of British Guiana, 
and the planalto of POC.OS de Caldas, Brazil.

2. In Arkansas, from the end of the period of baux 
itization during the Eocene epoch to the present time, 
climatic conditions favoring the formation of kaolin 
rather than bauxite have been in effect. One would, 
therefore, expect to find evidence of kaolinization fol 
lowing bauxitization as the normal sequence.

3. Bauxite deposits were covered by Eocene sedi 
ments. The ground-water level doubtless rose as the 
sediments were deposited, and the bauxite deposits

were brought beneath the water table. T'lis intro 
duced a new set of conditions under which kacUnization 
was favored.

4. Observations have consistently shown the second 
ary relationship of kaolin to bauxite within the type 1 
deposits. These observations have been described 
earlier in this report and are supported by a large mass 
of data.

5. In granitic-textured bauxite the minute details, 
such as cleavage planes, in feldspar laths of tte original 
nepheline syenite are often preserved in the micro- 
crystalline gibbsite pseudomorphs. This indicates 
direct alteration of the feldspar to gibbsite, rather than 
an intermediate kaolinitic stage, as alteration to 
kaolinite forms structureless masses and wormlike 
crystals within the feldspar lath and tends to obliterate 
its structures.

Much of the kaolin between the residual bauxite 
deposits and the fresh igneous rock was doubtlessly 
formed later than the bauxite. This may have been, 
as suggested by Goldich (1948), the result of the 
establishment of a permanent water table and sub 
sequent weathering beneath it. But the fact that 
residual nepheline syenite boulders within the bauxite 
bed were also kaolinized after the bauxite formed 
indicates that a separate and later period of kaoliniza 
tion occurred probably as the Eocene sediments covered 
the deposits.

Bauxite deposits arrived at their present state 
through many complex changes, the most important 
of which are listed below. They are in the order of 
their occurrence, although two or more of tlies0 changes 
were taking place simultaneously.

1. Bauxitization of the nepheline syenite resulted in 
the formation of granitic-textured bauxite that con 
tains microcrystalline gibbsite as the main product. 
The place where this process occurred has been termed 
the zone of leaching.

2. Breaking down and further changes ir the gra 
nitic-textured bauxite resulted in the formation of 
pisolites and other concretionary structures and the 
change from microcrystalline to cryptocrystalline gibb 
site. This took place in what is called the zone of 
concretion.

3. Extreme consolidation of some of the pisolites 
was accompanied by the change of the gibbsite to 
boehmite and the iron oxide to a magnetic form. This 
occurred only locally in the zone of concretion and ap 
parently was, at least in part, a process of dehydration.

4. Migration of the gibbsite in solution tcok place, 
followed by crystallization and deposition in clacks and 
fissures within pisolites and bauxite matrix. This 
apparently happened several times, even afte"1 bauxiti 
zation had ceased and kaolin was introduced.
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5. Kaolin was produced chiefly by weathering of the 
nepheline syenite beneath the bauxite, following a rise 
in the water table that accompanied the deposition of 
the Eocene sediments. Some of the silica released by 
this weathering process went into resilication of part of 
the bauxite. Kaolin veins, irregular kaolinitic bodies, 
and kaolinized residual nepheline syenite boulders 
within the bauxite deposits were all formed at this time. 
Siderite was also introduced under these conditions.

LEACHING

The changes listed above are taken up in more detail 
below. The first part of the bauxitization process re 
sulted in the formation of bauxite that preserves to some 
degree the original texture of the nepheline syenite. 
The silicate minerals in the parent rock were leached; 
silica, together with sodium, potassium, calcium, and 
magnesium were removed, as also were barium and 
strontium, and to some extent the rare earths yttrium 
and lanthanum; and hydrous oxides of aluminum, 
iron, and titanium were left. These elements were 
concentrated by the leaching process as were a few of 
the rarer elements in the nepheline syenite. Chro 
mium, niobium, and gallium were concentrated in a 
greater proportion than aluminum. Molybdenum, zir 
conium, titanium, vanadium, and manganese were also 
concentrated, but less so than aluminum.

The principal end product was the microcrystalline 
form of gibbsite, derived chiefly from alteration of feld 
spar. This is reported as the first mineral to form from 
tiie weathering of feldspar in nepheline syenite or basic 
igneous rocks in equatorial regions, such as West 
Africa (Lacroix, 1913, p. 337;), Madagascar (Lacroix, 
1923, p. 100), and British Guiana (Harrison, 1911, 
p. 355; 1934, p. 37). Part of the gibbsite was formed 
in the interspaces between relict feldspar crystals from 
nepheline, analcime, and other silicate minerals. Hy 
drous iron oxides were derived chiefly from the weather 
ing of the ferromagnesian silicates and also from magne 
tite which, though present in the nepheline syenite, has 
not been identified among the heavy minerals in gra 
nitic-textured bauxite. Titanium oxide, in the form of 
anatase, was derived from the alteration of sphene and 
part of the ilmenite in the original rock.

The zone of leaching moved gradually downward, 
encroaching on the fresh nepheline syenite as weather 
ing progressed. Had there been no further chemical 
change, mechanical disintegration, or removal by 
erosion of the bauxite formed initially in this zone, the 
alumina in these deposits would still be in the form of 
microcrystalline gibbsite preserving the nepheline 
syenitic texture. However, further changes, resulting 
in the formation of concretionary structures, took place 
in the upper part of the bauxite and gradually en

croached downward on the granitic-textured bauxite. 
Moreover, at a later time when conditions favored the 
formation of kaolin, some of the granitic-textured baux 
ite especially at the base of the deposit was converted 
to kaolin by resilication.

CONCRETION

Formation of the concretionary forms of bauxite 
began with the breaking down of the granitic-textiired 
rock into finer material. Disintegration of many 
microcrystalline gibbsite masses in the shape of relict 
feldspar crystals took place in this process and was ac 
companied by a gradual enlargement of the ferrugirous 
interspace areas. Many geologists believe that the so- 
called amorphous form of aluminum hydroxide is a col 
loid, and that concretionary structures such as pisolites 
are of colloidal origin. Although X-ray examination 
showed a crystalline structure in both forms of gibbsite 
in Arkansas bauxite, the X-ray pattern of the form 
which appears isotropic under the microscope is weak 
and indistinct, suggesting that it is not well crystal 
lized. It is possible that the cryptocrystalline form of 
gibbsite may have resulted from crystallization of a 
former colloid, originally derived from the micro- 
crystalline material.

Rinds surround and seal off single fragmentary gibb 
site pseudomorphs after feldspar, groups of these frag 
ments, and bodies of matrix that consisted largely of 
iron-stained, cryptocrystalline gibbsite containing scat 
tered microcrystals of gibbsite (fig. 555). Concretion 
ary bodies that formed around tiny nuclei apparently 
grew no larger than oolites. Where oolites or small 
pisolites already had formed in parts of the matrix, 
the sealing off of groups of these concretions by rinds 
has resulted in the formation of compound pisolite?.

Material within many of the pisolites was consoli 
dated, as evidenced by concentric cracks now filled 
with siderite between some pisolites and the surround 
ing matrix. The network of radial, concentric, and 
irregular cracks that cuts many of the pisolites ?,nd 
their outer concentric layers is likewise evidence of 
shrinkage.

Large bodies also were enclosed by rinds of crypto 
crystalline gibbsite. These include pebble- to small 
boulder-sized blocks of granite-textured bauxite (the 
so-called sponge ore) that resisted the tendency to dis 
integrate and were sealed off from the finer material 
adjacent to them. Some of these bodies remain even 
at the top of the deposits. Blocks of bauxite with 
pisolitic and vermicular structure were enclosed in 
rinds and thus separated from the surrounding con 
cretionary rock. The late stage of the process in the 
upper part of the deposits was one of continual break 
ing up and reconsolidating of the rock with a partial
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destruction of some of the pisolites that had formed. As 
old passages were filled and new ones opened, so old 
pisolites were partly leached, leaving only fragments of 
the once concentric structures (pi. 14.A).

The effect of the concretionary process was to con 
solidate the bauxite, to redistribute the constituents, 
and locally to raise the alumina content. It is not 
known whether there was a general upward migration 
of iron or alumina, such as has been reported in many 
bauxite and laterite deposits. Subsequent introduction 
of ferrous iron and its partial oxidation in surface de 
posits has masked the distribution of the primary iron 
oxide in the bauxite. The brick-red color of much of 
the pisolitic bauxite in type 1 deposits probably was 
caused by part of the original iron in the bauxite be 
cause it apparently is related to the vermicular struc 
tures. No evidence was found of an iron crust (cuirasse 
de fer) having formed over the residual deposits, such 
as is characteristic of many of the Indian and African 
laterites. Later kaolinization also has masked the 
original distribution of the alumina in the bauxite. 
The titania as anatase was widely and finely dissemi 
nated by the concretionary process and apparently has 
been somewhat concentrated locally.

FORMATION OF BOEHMITE AND MAGNETIC IRON OXIDE

Minor products of the concretionary process appear 
to have been boehmite and a magnetic iron mineral 
(magnetite or maghemite), which have been found 
within some of the harder pisolites.

Boehmite commonly is associated with gibbsite in 
bauxite deposits the world over, and many European 
deposits are composed chiefly of boehmite. J. de 
Lapparent (1936a, p. 2), after finding the best formed 
crystals of boehmite within pisolites beneath carbon 
aceous beds in Pereille (Ariege), France and in Ayrshire, 
Scotland, believed that long exposure to water contain 
ing humic matter in solution caused the crystallization 
of boehmite. He also said that gibbsite forms above 
the water table, boehmite at the water table, and 
diaspore below it (De Lapparent, 1936b). Hiittig arid 
Wittgenstein (1928) converted gibbsite to boehmite in 
the laboratory in 24 hours at a temperature of 370°C 
and a pressure of 20 atmospheres. This led De Weisse 
(1948, p. 141) to suggest that the same change takes 
place in nature at a relatively low pressure owing to 
the weight of the. sediments that covered a bauxite 
deposit. Goldich and Bergquist (1948, p. 99-100), on 
the other hand, suggest that boehmite may be formed 
in lateritic soil as a metastable phase and that it is 
transformed to gibbsite, the change being retarded in 
an acid chemical environment.

The presence in Arkansas of boehmite only in pisolites 
in the zone of concretion indicates that it may have

formed from gibbsite through some process of aging 
and consolidation of the pisolites. The magnetic iron 
commonly associated with it may have influenced its 
formation.

MIGRATION OF AI+++ IN SOLUTION

Crystalline gibbsite fills cracks cutting across the 
earlier structures of the bauxite. These crystals indi 
cate solution of hydrous aluminum oxides and redeposi- 
tion after the bauxite had formed. Similar veinlets in 
Georgia bauxite and kaolin deposits were briefly 
described by Alien (1945, p. 273-274). Crystallization 
of nearly all the gibbsite that fills veinlets and cavities 
in the Arkansas deposits appears to have generally 
preceded the introduction of kaolinite, but in at least 
one place it followed kaolinite that fills a cavity near 
the top of the bauxite. Gibbsite crystals that line the 
cavities and protrude outward into masses of kaolinite 
may have formed at the time the kaolinite was intro 
duced.

The gibbsite was deposited by circulating ground 
water and crystallized along cracks and cavities that 
permitted circulation of the solutions through the less 
permeable rock.

FORMATION OF KAOLIN BODIES

The beginning of Saline deposition was accompanied 
by a gradual change in the climate of the bauxite region. 
Rainfall probably increased somewhat and was limited 
to shorter, more violent periods, separated by drier 
periods. Active erosion took place during early Saline 
time, and rock from both the Paleozoic upland and 
from the residual bauxite deposits on the nepheline 
syenite hills was stripped off and redeposited down- 
slope.

The chocolate-brown carbonaceous clay and inter- 
beddecl sandy layers of the Saline formation encroached 
higher and higher on the nepheline syenite hills, and the 
residual bauxite deposits gradually were buried. The 
level of the water table rose, following the rising base 
level of the sediments. Bauxite deposits thg.t once were 
in well-drained areas were brought beneath the water 
table. The ground water underneath carbonaceous beds 
contained dissolved organic matter and became acid. 
Much of the silica dissolved in the ground water was 
deposited as kaolin in the upper part of the bauxite 
deposits. The acid water worked its way through the 
homogeneous concretionary parts of the deposits and 
the extremely porous granitic-textured bauxite and 
attacked the fresh nepheline syenite beneath.

Kaolin was also formed by the resilication of the 
bauxite, that bordered the igneous rock, but not in 
large quantities. This resilication was accomplished 
by means of excess silica derived from the silicate min 
erals of the nepheline syenite during the kaolinization
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process. As would be expected, the conversion from 
bauxite to kaolin resulted in an increase in volume that 
caused squeezing and local flowage of both bauxite and 
kaolin where the two are in contact. The resilication 
and the irregular penetration of silica, resulted in a 
fragmental-appearing texture in the kaolin adjacent to 
the bauxite. It was accompanied by movement of 
kaolin into cracks, cavities, and pore spaces in the 
bauxite.

Alien (1948, p. 1307) has emphasized that veins of 
clay minerals cutting bauxite do not prove resilication, 
particularly where clay overlies bauxite, because migra 
tion of clay minerals has occurred at many deposits not 
associated with bauxite. This brings up the question 
as to how much of the kaolin in the bauxite was formed 
by migration of kaolinite in solution and how much by 
the introduction of silica and alteration of the bauxite. 
It seems likely that both may have taken place simul 
taneously, as Mohr has suggested that silica and kaolin 
behave alike under the same ground-water conditions. 
Field evidence reviewed earlier indicates that the kaolin 
veins and bodies in type 1 deposits are clearly later 
than the bauxite, and most of them cut it from beneath. 
If the source of much of the kaolin were the weathering 
of the nepheline syenite, kaolinite and silica would 
have been liberated and could have moved in solution. 
Examination of the kaolin veins has shown that they 
widened at the expense of bauxite, not by pushing apart 
the bauxite, but irregularly by alteration of the bauxite 
along the side of the vein. This indicates that resilica 
tion of gibbsite to form kaolinite played an important 
part in the formation of the kaolin immediately bor 
dering the bauxite.

INTRODUCTION OF SIDERITE

Organic acids are effective in the solution of ferrous 
iron compounds (Clarke, 1924, p. 535) and contribute 
to swamp waters the material from which bog-iron ores 
are formed. The ground water that caused kaoliniza- 
tion of the bauxite was also charged with ferrous iron 
and carbon dioxide which were deposited as granular 
siderite, in the bauxite. Siderite, a late mineral, filled 
most of the small open cavities in the pisolitic bauxite.

Siderite was also formed within the kaolin adjacent 
to the bauxite. Here it is mostly spherulitic and has 
a radiating structure inside and one or two concentric 
layers outside, or is in veinlets having a minute comb 
structure.

ORIGIN OF TYPE 2 DEPOSITS

Type 2 deposits, contained in the bauxite-kaolin 
facies at the upslope edge of the Berger formation, 
probably formed largely in place from weathering of a 
colluvium of bauxitic and kaolinitic detritus above 
the water table. The following three processes, listed

in chronologic order, essentially determined the present 
shape, size, and distribution of the bauxite depos : ts.

1. Deposition of the colluvial apron.
2. Bauxitization of parts of the colluvium above the water 

table.
3. Gradual burial of the apron, accompanied by kaolinization 

of much of its upper part.

The colluvial apron was a clay fanglomerate an 
accumulation of weathering products derived mostly 
from the nepheline syenite slopes farther uphill. The 
detritus came to rest along the break in slope vdiere 
the steeply dipping weathered surface of the nepheline 
syenite is lapped by the nearly flat-lying sediments of 
the Midway group. The colluvial detritus rests, there 
fore, partly upon deeply kaolinized and bauxitized 
nepheline syenite and partly upon weathered residual 
clay of the Wills Point formation, and in a few peaces 
on truncated weathered beds of the Kincaicl formation.

PRE-WILCOX WEATHERING AND EROSION

Wedges of relatively fresh detritus in the Midway 
sediments indicate that no appreciable kaolinization 
of the nepheline syenite masses took place during 
Kincaid time, a period of active erosion. This was 
followed in Wills Point time by a period of less active 
degradation accompanied by chemical weathering and 
widespread kaolinization of the igneous rocks.

Immediately following the retreat of the Midway sea 
a stream pattern, already established on the higher 
slopes of the nepheline syenite hills, was extended out 
ward onto the Midway surface. The sediments of the 
Wills Point were channeled deeply in some places; 
the lip of this formation was stripped from some of the 
larger drainage channels, though generally not from the 
small valleys. The eroded surface then was weathered 
profoundly and a soil profile was established.

DEPOSITION OF THE C011TJVIA1 APRON

Following this period of relative inactivity, erosion 
on the higher slopes and deposition in the vrlleys 
began, eventually resulting in the formation of a 
peripheral apron of fragmental clay surrounding the 
base ol the nepheline syenite hills. The 10 to 3C feet 
of gray fragmental clay that now underlies the bauxite 
deposits probably was deposited in a few places before 
the complete withdrawal of the Midway sea. Evidence 
for deposition in Midway time is the alteration of part 
of the kaolinite to hydrous mica in the lower fevr feet 
of the fragmental kaolinitic clay, observed at several 
localities near the edge of the Wills Point formation or 
immediately overlying it. Hydrous mica is a character 
istic alteration product of kaolin within or covered by 
Wills Point sediments, but not of kaolin on the higher 
slopes. Formation of this micaceous mineral probably 
was aided by the fixation of potassium in sea water.

452763 58- -11
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The gradual accumulation of the colluvial apron 
continued during and following the withdrawal of 
the Midway sea and later accompanied the deposition 
of the carbonaceous and arenaceous sediments of the 
Berger formation, as described on pages 41-44. Several 
processes of mass wasting contributed to its formation, 
probably including soil creep, slump, mudflow, and 
landslides.

A climatic change to continuous moisture under 
tropical or subtropical conditions, probably resulted in 
the formation on the upper slopes of the iiepheline 
syenite of a thick weathered mantle of bauxite, of 
which the type 1 deposits are the residue. Fragments 
of bauxite were added to the mass accumulating 
downslope, which had up to this time been receiving 
an almost entirely kaolinitic detritus. Probably at 110 
time in any large area was the accumulating colluvium 
composed entirely of bauxite. Both bauxite and 
kaolin were formed in the deposits upslope, bauxite on 
the ridges and slopes and kaolin in the valleys. The 
probable composition of the material originally con 
tributed to the colluvial apron can best be determined 
by examining cores of fragmental clay taken near the 
centers of small lateral valleys and in between bauxite 
deposits. The material near the middle of these clay 
deposits, 50-60 feet thick, is composed chiefly of kao 
linitic clay in which are finely disseminated gibbsite 
and small angular bauxite fragments, indicating that 
for the most part the average chemical composition is 
similar to bauxite clay.

The movement of bauxite downslope in quantity 
probably did not begin until beds of lignite, gray 
silty clay, and sand of the Berger formation started 
to build up from the deeper parts of the basin toward 
the upper slopes of the nepheline syenite hills. The 
parts of the colluvial apron deposited at this stage came 
to rest at the change of grade formed by the inter 
section of the weathered nepheline syenite slope and 
the flat-lying contemporaneous surface of the lignite 
or silty clay bed of the Berger formation. The locus of 
deposition therefore moved gradually upslope as later 
beds of the Berger formation progressively covered 
the peripheral apron of bauxite and fragmental clay.

BAUXITIZATION OF PARTS OF THE COLLUVIUM

The type 2 bauxite deposits were formed during and 
after the deposition of the colluvial apron and before 
their burial beneath the later sediments of the Berger 
formation. For the following reasons it is believed 
that these bauxite deposits were formed in place by 
weathering above the water table of the bauxitic to 
kaolinitic colluvium.

1. Type 2 deposits have a comparatively uniform

lithologic and chemical zoiiation which is similar in all 
parts of the bauxite region (pi. 15).

2. They are commonly ranged along brows and 
slopes of ridges, similar to type 1 deposits. T'nis they 
are usually in a topographic position where they would 
most likely have been above the water table and well 
drained.

3. Such deposits grade toward the valley center 
into kaolinitic clay containing scattered fragments of 
bauxite. For this reason it seems unlikely that a large 
part of the kaolinitic clay has formed in place by the 
resilication of a mass of bauxite. If this had happened 
each deposit and each fragment of bauxite would be a 
remnant unaffected by resilication.

4. The bauxite fragments and pebblelike bodies 
within the bauxite deposits and also within the kao 
linitic clay are generally composed of micro crystalline 
gibbsite, whereas the bauxite pisolites and matrix in the 
deposits are made up essentially of cryptocrystalline 
gibbsite. This suggests that they do not have pre 
cisely the same origin.

5. In the bauxitic and kaolinitic underclay individual 
kaolinite flakes under the microscope comiroiily are 
seen to contain scattered microcrystalline gibbsite 
grains. In one accordionlike kaolinite crystrl, micro- 
crystalline gibbsite after kaolinite was observed (pi. 
14Z>). This would appear to be evidence in support of 
Harrison's conclusion that bauxite can form from clay 
(Harrison, 1934, p. 10).

The chemical process by which parts of the collu 
vium were transformed into bauxite probaWy is the 
same as that which formed the type 1 deposits that 
of hydrolysis. However, the rock acted upon was a 
semiporous mixture of clay and bauxite, rather than 
fairly fresh nepheline syenite. Much of the calcium, 
sodium, potassium, and magnesium and part of the 
silica already had been leached from this weathered 
nepheline syenite detritus in the colluvium.

Spectrographic analyses indicate that there is a 
greater concentration of certain elements normally 
precipitated by hydrolysis (fig. 32). These elements 
include chromium, molybdenum, scandium, titanium, 
vanadium, manganese, and yttrium. Their apparent 
concentration would lend confidence to the belief that 
this bauxite was formed by hydrolysis of an already 
weathered rock. On the negative side is the apparent 
lack of any increment in the content of a]umirium, 
gallium, niobium, and zirconium and the increase in 
content of several substances of low ionic potential 
normally depleted by hydrolysis, such as barium, cal 
cium, magnesium, and strontium.

Boron, the presence of which was not detected in 
the nepheline syenite or in type 1 bauxite deposits,
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probably entered the type 2 deposits from the marine 
Paleocene sediments.

The part of the type 2 bodies that appears to be 
analogous to what has been termed the zone of leach 
ing in type 1 deposits is the wedge-shaped downslope 
portion beneath the pisolitic bauxite. This retains 
about the same textures as the bauxitic and kaoliiiitic 
clay beneath and surrounding it. In places where 
fragments occur, they are composed of microcrystalline 
gibbsite. The matrix is semiopaque and composed 
largely of crypt ©crystalline gibbsite, probably mixed 
with very fine grained kaolinite. It is only a minor 
part of most deposits, however.

The "zone of concretion," represented almost entirely 
by pisolitic bauxite, constitutes a large part of a type 
2 deposit. The pisolites and other concretionary struc 
tures probably formed gradually in a fragmeiital to 
textureless bauxite matrix, in much the same manner 
as the type 1 deposits formed from the breaking down 
of granitic-textiired bauxite. Pisolites were formed by 
the sealing off of small bodies of the fine-grained matrix 
and the gradual accumulation around them of rind 
layers. This was accompanied by a change of part of 
the remaining microcrystalline gibbsite to the crypto- 
crystalline form. Aggregates of microcrystalline gibb 
site that remained unchanged were enclosed in concre 
tionary rinds. Passages were opened and subsequently 
filled with aluminous material in the matrix between 
pisolites and fragments. Radial and concentric cracks 
were formed in most of the pisolites and these cracks 
and little fissures and cavities in the matrix later were 
filled with finely crystalline gibbsite, as in the type 1 
deposits. As the initial form of bauxite in type 2 
deposits was largely in a finely divided state, it was a 
suitable environment for the formation and growth of 
concretionary structures. This explains why so little 
of the "zone of leaching" is preserved in these deposits.

What caused the zonation commonly observed in the 
concretionary part of the deposits is not definitely 
known. In many places the soft pisolites with bluish 
viscous or pasty interiors near the base of this zone are 
similar in chemical composition to the red and black 
pisolites with hard chertlike interiors near the middle. 
The soft consistency and the grayish color of the piso 
lites near the top of the deposits, however, are due 
largely to secondary kaolinization.

Boehmite and magnetic iron oxide are associated in 
a few of the hard pisolites in type 2 deposits. As in 
type 1 deposits, boehmite probably formed from gibbs 
ite as the result of a lengthy aging process.

INTRODUCTION OF KAOLINITE AND SIDEKITE

The gradual burial of the bauxite deposits and the 
associated kaoliiiitic clay beneath the paludal sediments

of the Berger formation was accompanied by the intro 
duction and formation of kaolinite in their upper part. 
A gradual process first affected the downslope parts of 
the colluvial apron. As the sediments of the Berger 
increased, the locus of deposition moved upslope and 
the water table rose. The approximate position of the 
water table at the base of the slope at any given time 
was marked by the edge of a swamp in which lignite 
was accumulating.

Kaolin that covers bauxite deposits, particularly that 
which covers their downslope parts, probably was trans 
ported to its present position. A large amount c f the 
kaolinite, however, was formed in place around and 
beneath the swamps. The evidence just presented on 
pages 120-130 shows that the kaolinite in bauxite de 
posits of type 2 was introduced principally from above. 
The bauxite was cut by vertical veinlets and horizontal 
sheets of kaolinite that replaced the bauxite. An excess 
of silica introduced along with the kaolinite combined 
with gibbsite to form additional kaolinite. Resilic^tion 
of gibbsite played an important part in the formation 
of the hardcap and its overclay. Resilication took 
place particularly in bauxite not more than several feet 
below the bottom of the swamp.

Siderite was introduced at about the same time as 
the kaolinite. The acid humic waters that permeated 
the deposits at this time contained ferrous iron and 
carbon dioxide. These oxides were deposited in the 
form of crystalline siderite in most of the available 
cavities and pore spaces in the bauxite, and in a spheru- 
litic form in the less pervious kaolin. Siderite generally 
appears to have formed a little later than secondary 
kaolinite in cavities where the two occur together. 
Both minerals probably formed earlier in the down- 
slope parts of the colluvial apron and its bauxite 
deposits than in the upslope parts.

ORIGIN OF TYPE 3 DEPOSITS

The alluvial bauxite lenses, called type 3 deposits in 
this report, are composed essentially of reworked hard 
pisolites and pebbles derived principally from type 2 
deposits and perhaps in part from type 1 deposits. 
This is indicated, in addition to other evidence, by 
similarity in the assemblage of heavy minerals and the 
content of minor elements in the deposits of both 
residual and alluvial origin.

The upslope part of a type 3 deposit generally rests- 
directly upon a type 2 deposit, presumably the eame 
one from which the sedimentary bauxite was largely 
derived. Stratification, size sorting, and crossbedding 
of the bauxite gravel indicate that the medium of 
deposition was flowing water. The bauxite alluvium 
was deposited by small streams that drained the slopes 
upon which residual bauxite deposits had formed or
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were forming. The wedge of lignite and clay beneath 
the downslope part of most type 3 bodies indicates 
that they were deposited generally in swampy areas at 
the time that the type 2 deposits were partly covered 
by the encroaching Berger sediments. The lenses ap 
parently have grown outward downslope as well as 
upward, while the base level of Berger deposition con 
tinued to rise.

The spaces between the pisolites and pebbles are 
filled with a softer oolitic bauxite that apparently was 
also derived from the deposits upslope. Other parts of 
the bauxite gravel are loosely consolidated, with almost 
no filling in the interspaces. Some of these voids were 
filled later by crystalline gibbsite that moved in solu 
tion and crystallized to form drusy coatings on piso 
lites, in cavities, and in veinlets.

The same sort of sediments that were deposited in a 
paludal environment over the type 2 deposits also 
covered the type 3 deposits. From the swamp waters 
kaolinite, siderite, and excess silica were introduced 
downward into the bauxite. Kaolinite apparently was 
deposited directly in veinlets and small masses where 
the rock was composed essentially of hard pisolites and 
pebbles with little or no binder. Resilication of bauxite 
to form kaolinite appears to have affected places where 
soft bauxite was packed between the hard material. 
In this manner rocks that resemble the hardcap of 
type 2 deposits were formed locally in the middle or 
lower parts of the alluvial lenses. Crystalline siderite 
also fills many of the voids in this bauxite, having been 
introduced in the same way as described for type 2 
deposits.

Their close association with type 2 deposits indicates 
that the type 3 deposits formed within or shortly after 
the main period of bauxitization. But because they 
were deposited by water in channels and other low 
places and probably were quickly buried beneath addi 
tional sediments of the Berger formation, they were 
not in a favorable environment for further bauxitiza 
tion. Their quality as to alumina, iron, and silica 
content, therefore, is controlled principally by the grade 
of the original material deposited and by the quantity 
and disposition of the kaolinite and siderite introduced 
after burial.

ORIGIN OF TYPE A DEPOSITS

The bauxite lenses in the lower part of the Saline 
formation were deposited during a later stage in the 
erosion cycle, after all the type 3 and most of the type 2 
deposits had been buried beneath the Eocene sediments. 
In early Saline time nearly all the bauxite exposed to 
erosion was in the extensive type 1 deposits that mantled 
the Saline nepheline syenite hill and these were the 
source of the type 4 deposits. Either a moderate

regional uplift or an increase in rainfall, more probably 
the latter, caused deposition of the boulder beds along 
the base of this hill. The same conditions caused the 
deposition of an apron of siliceous gravel along the edge 
of the Paleozoic upland. Also during early Seline time, 
the part of the Pulaski high that remained above the 
level of depositing sediments was stripped of most of 
its type 1 bauxite deposits and part of the kaolin that 
had formed upon it.

The conditions under which deposition in Saline time 
took place probably were not favorable for the weath 
ering of rock to bauxite, possibly because the rains were 
seasonal and were separated by dry periods of long 
duration. The bauxite rubble, moreover, was generally 
deposited in poorly drained areas that were not favor- 
ble for bauxiti ation in place.

The grade of the bauxite, therefore, is dependent upon 
the degree of mechanical contamination of tl e alluvial 
material, which is mainly a function of the proximity 
of the transported rock to its source.

During and closely following the burial of these 
deposits siderite and kaolinite were introduced, but 
the amounts are minor in comparison 'with the volume 
of clay and sand mechanically mixed with tl e bauxite 
during transportation.

AGE AND DURATION OF BAUXITIZATION

The bauxite in the Arkansas deposits was all formed 
during a single long period of weathering. This period 
followed deposition of the marine sediments of the Wills 
Point formation and withdrawal of the Midway sea 
from the region: it probably closed before deposition 
of the continental Saline formation. The climatic 
conditions that favored bauxitization protably also 
affected a large part of the North American continent. 
Stratigraphic relations indicate that all the gibbsitic 
bauxite deposits in the south-central and southeastern 
United States formed about the same time (Bridge, 
1950).

Uncertainty as to the geologic age of the Perger and 
Saline formations and their correct correlation with the 
standard geologic column for the Gulf Coast region 
allows some leeway in dating the period of bauxitization 
in Arkansas. Although it is possible that the Berger 
formation represents continental deposition during Mid 
way time after the withdrawal of the sea from the 
Arkansas bauxite region, the Berger is lithologically 
similar to the Wilcox group in Mississippi and Alabama. 
It is possible, however, that the Saline formation 
belongs, not in the Wilcox group, but in the Claiborne 
(from which it now is believed that many supposed 
"Wilcox" fossil plants were originally collected) and 
that, as some petroleum geologists have suggested, 
Wilcox deposition did not extend as far north as central
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Arkansas. The period of bauxitination, therefore, may 
have been entirely within Wilcox time, or it may have 
begun in late Midway time and ended in Claiborne time. 
Bauxitization therefore, definitely continued through 
the early Eocene but possibly may have started in late 
Paleoceiie time. Regional studies of the sediments 
along the northern fringe of the Gulf Coastal Plain from 
stratigraphic data now available would do much to 
lessen the uncertainty as to the limits of this period.

The relative ages of the four types of deposits within 
the Arkansas bauxite region deserve a brief comment. 
As the type 1 deposits lie on the upper slopes of the 
iiepheline syenite hills in well-drained areas, they were 
the first to be formed and the last to be buried. For 
this reason, they probably were exposed to weathering 
throughout the period of bauxiti ation.

The type 2 deposits, on the other hand, were formed 
in a colluvial apron along the bases of these hills, de 
rived in part from the type 1 deposits. As they were 
soon covered by the encroaching sediments, bauxithation 
must have taken place relatively rapidly during only a 
part of the time that this process was active. The 
bauxite in type 1 deposits, therefore, can be both older 
and younger than that in type 2 deposits.

Deposition of the two alluvial types of bauxite de 
posits probably took place with comparative rapidity. 
The relation of any of these alluvial deposits to the two 
residual types can be determined by its stratigraphic 
position in the enclosing sediments and by its field 
relations.

ECONOMIC GEOLOGY 

DISCOVERY OF BAUXITE IN ARKANSAS

Bauxite in Pulaski County was first described by 
W. Byrd Powell (1842) in a short report on the geology 
of Fourche Cove and the immediate vicinity. Powell, 
not reali ing its true nature, referred to« the rock as an 
"amygdaloid." However, his descriptions of the types 
of "amygdaloid" (p. 11-13), in some places "resembling 
a mass of peas, each of which is solid jasper," in others 
"earthy and more or less friable," and at one place like 
"a sponge, with its fibres encrusted with the red oxides 
of iron," leave no doubt that he was referring to bauxite. 
Moreover a catalog and map in the report (p. 21, map), 
indicating the localities at which he collected rock speci 
mens, show that some of them came from outcrops now 
known to be bauxite.

D. D. Owen (1860, p. 70), state geologist of Arkansas 
from 1857 to 1860, also mentioned pisolitic outcrops in 
Pulaski County, in sees. 4 and 9, T. 1 S., R. 12 W., in 
which there had been several small prospects dug in 
search of gold and other metallic ores. He said that the 
rock in the NE% sec. 9 "is a ferruginous amygdaloid of

rather a peculiar character. The amygdules are very 
globular, so that the rock has the appearance of pea- 
stone, the cavities being mostly empty." These and 
several other similar outcrops also were mentioned by 
J. Lesley (1860, p. 159-162), who made a detailed topo 
graphical and geological survey of the Fourche Cove. 
Apparently neither of these men suspected the true 
identity of the rock.

J. C. Brainier, state geologist of Arkansas from 1887 
to 1893, was the first to identify bauxite in Arkansas. 
This was in June 1887, and the locality was along the 
road from Little Rock to Sweet Home, about a mile 
south of Fourche Bayou. Between this point and 
Sweet Home, slightly more than a mile farther south, 
bauxite from nearby outcrops was used to surface the 
road. Four years passed between Branner's recogni 
tion of bauxite in Arkansas and the publication of his 
preliminary description of the deposits. In the in 
terim, the first description of bauxite as such in the 
United States identified in a small deposit in Floyd 
County, Ga., was published in a brief note by Kichols 
(1888, p. 905). Branner announced his discovery and 
described all the known outcrops, covering an estimated 
area of 640 acres in Pulaski and Saline Counties, in a 
preliminary report to the Governor of Arkansas, dated 
January 7, 1891. This was printed by the local news 
papers the following day and also appeared in the 3d to 
6th biennial reports of the Bureau of Mines, Manufac 
turing, and Agriculture of the State of Arkansas, 1894 
to 1901. He also published a short article telling of the 
occurrence, in the American Geologist (Branner, 1891, 
p. 181-183), and this was abstracted in several other 
scientific journals.

HISTORY OF MINING AND PRODUCTION

The discovery of the Arkansas bauxite deposits came 
several years after the invention of a practical com 
mercial process for producing aluminum. The Hall- 
Herault process for the manufacture of aluminum by 
the electrolysis of alumina had been discovered in 1886 
by two young men working independently, Hall in the 
United States and Herault in France. The Pittsburgh 
Reduction Co. was formed in 1888 to exploit Hall's 
process. Limited production of bauxite began in the 
Georgia field that same year but was mostly for cheniical 
use. Another process, that permitted alumina to be 
produced cheaply from bauxite, was patented by K. J. 
Bayer in Germany in 1888 and in America in 1894. 
The Bayer process coupled with the Hall process1 pro 
vided the foundation on which the aluminum industry 
in the United States has been built.

Branner was confident that his announcement of the 
discovery of bauxite in Arkansas would evoke an im-
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mediate interest from the producing companies (Fer- 
guson, 1920, p. 46). The early demand for the ore was 
limited, however, and was satisfied by the deposits in 
Georgia, together with deposits found in Alabama in 
1890. Branner tried to interest the Pittsburgh Reduc 
tion Co. and the Solvay process Co. in the Arkansas de 
posits but was not successful. No funds were made 
available by the State Legislature to the Arkansas 
Geological Survey after 1893, and Branner left to teach 
geology at Stanford University.

It was late in 1894 or early in 1895 when the first 
Georgia bauxite producers showed interest in the 
Arkansas deposits. The year 1895 was one of con 
siderable activity in acquiring land, both in Pulaski and 
Saline Counties. The first mining company in the field 
was the Southern Bauxite Mining and Manufacturing 
Co. (Perry and Smith), which later changed its name to 
the General Bauxite Co. This company located its 
headquarters in the vicinity of the present town of 
Bauxite. In 1896 the company shipped 40 tons of ore 
for experimental purposes. This earliest production 
was reported to the writers in June 1945 by J. W. 
Lewellen of the Alcoa Alining Co., who is also the source 
for much of the information contained in the following 
paragraphs on the history of production.

In table 13 are listed the companies that have mined 
bauxite in the Arkansas bauxite region. The table was 
prepared from records available in U. S. Geological 
Survey, "Mineral Resources," the U. S. Bureau of 
Mines, ''Minerals Yearbook," and publications of the 
Arkansas Geological Survey. The companies are ar 
ranged in chronological order of their first year of pro 
duction, and annotations enable the reader to follow 
some of the changes of company names.

Bauxite from the Arkansas field was first produced 
commercially in 1898. E. Metznauer of Little Rock 
erected a small plant near Mabelvale for the manu 
facture of alumina and aluminum salts. After experi 
menting unsuccessfully with the high-silica bauxite, 
near Mabelvale which did not lend itself to processing 
by the soda method, Metziiauer acquired a small prop 
erty near Bauxite in the NE% sec. 15, T. 2 S., R. 14 W. 
About 358 tons of ore from this property was processed 
at the Mabelvale plant that year, and part of the alum 
ina was converted to alum or some other salt. That 
same year the Illinois Chemical Co. built a small plant 
near Bauxite and started mining from an outcrop in 
the NW# sec. 16, T. 2 S., R. 14 W. During the first 
several years of production bauxite mined by all the 
operating companies was used in the manufacture of

aluminum sulfate, or commercial "alum" (Hayes, 1901, 
p. 466).

In 1899 the Pittsburgh Reduction Co. joined the 
other Georgia-Alabama producers that had entered 
the Arkansas field. The company secured a property 
in the NEK sec. 16, T. 2 S., R. 14 W., and reportedly 
shipped 1,720 long tons of ore during the first year 
(Rothwell, 1900, p. 12).

In 1900 the Illinois Chemical Co. and E. Metznauer 
were the largest producers, the other two companies 
shipped only a few hundred tons each. This was the 
last j^ear of production for the Illinois Chemical Co.

The Pittsburgh Reduction Co. and the General Baux 
ite Co. built crushing and drying plants at Bauxite 
in 1901. During that year the two companies mined 
only 867 tons, the total Arkansas production. These 
companies increased their production in 1902 and 
Metznauer shipped about a hundred tons of ore before 
leaving the business.

The completion, early in 1903, of the plants of the 
two principal companies brought Arkansas to the fore 
as the leading producer of bauxite in the United States, 
a position still held. In that year the Saline mining 
district produced 25,713 long tons of bauxite, or 53.5 
percent of the total United States production.

In 1904, the first bauxite from the Pulaski mining 
district, about 550 long tons, was mined by Fr^d Berger 
(American Bauxite Co.) from a deposit on the Arch 
Street Pike near what is now known as the Berger 
Spur. This company produced slightly more than 
5,600 tons from 1904 to 1906, for the manufacture of 
refractory brick. The process for which Berger held a 
patent used calcined bauxite and a small amount of 
plastic fire-clay binder. The Arkansas production for 
1904 was nearly the same as for the preceding year and 
was 54.0 percent of the total for the United States.

In the summer of 1905 the General Bauxite Co. 
sold its Arkansas holdings to the Pittsburgh Peduction 
Co. In 1906 the Republic Mining and Manufacturing 
Co., another Georgia producer, bought the interest 
of Berger's American Bauxite Co. In 1907, the Pitts 
burgh Reduction Co. changed its name to the Alumi 
num Co. of America and the company increased its 
plant facilities. During this period Arkansas produc 
tion mounted gradually.

However, world-wide depression that year brought 
production to a halt by mid-November and it was not 
resumed until September 1908.

After the 1907 depression, production rose rapidly 
and the 1909 tonnage was almost three time? that of
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1908. The mining interests of the Aluminum Co. of 
America in 1909 took the name American Bauxite Co. 
This had no connection with Berger's earlier company 
of the same name. From 1910 to 1914 the increase in 
production was gradual and several new companies 
came into the region. The Globe Bauxite Co. began 
mining operations in 1912. They located at Chemical 
Spur in Saline County and later extended their activities 
to Pulaski County. The Norton Co. erected a calcin 
ing plant in 1913 at Bauxite and purchased ore for the 
the manufacture of abrasives. After 1918 the company 
mined bauxite sporadically from its single property in 
the Saline mining district. The National Bauxite Co. 
formed by several officials of the defunct General 
Bauxite Co. had acquired property in Arkansas in 
1907, and at the beginning of 1914 produced bauxite 
in the Pulaski mining district, about a mile southeast 
of Berger. After 1916 the National property was 
operated by the E. I. du Pont de Nemours Co.

World War I brought a sudden demand for bauxite 
and United States production was greatly augmented. 
The output in Arkansas rose from 195,247 tons in 1914 
to 562,892 tons in 1918, an increase of 288 percent. 
During this period Arkansas produced 90 percent of 
the domestic supply. A general cancellation of orders 
followed the signing of the Armistice, but by the middle 
of 1919 the demand again increased, and the production 
in 1920 was greater than that for any previous peace 
time year. Also in 1919 South American bauxite began 
to be imported in some quantity into the United States.

Near the end of 1920 and early in 1921 the demand 
for bauxite decreased sharply and all the Arkansas 
mines were closed by March 1921. In June a few 
mines reopened and production continued on a limited 
basis. The E. I. du Pont de Nemours Co. mined no 
bauxite after 1921.

The demand for ore was normal through 1922 and 
in 1923 increased markedly. The Arkansas bauxite 
region shipped 493,880 tons that year despite an in 
crease in United States imports from 23,656 tons in 
1922 to 119,020 tons in 1923. The Southern Bauxite 
Co. operated a deposit in the Saline district in 1922.

From 1924 through 1929 Arkansas production was 
reasonably steady, generally 300,000-350,000 tons per 
year. Most of the ore was mined by underground 
methods following the opening of the first underground 
mine in 1924 by the American Bauxite Co. That same 
year the Superior Bauxite Co. shipped bauxite for 
chemical use from a property near the Southern Bauxite 
Co. mines. Between 1925 and 1927 the Dixon Bros., 
D. B. Hill, and J. P. Wright, produced some ore ap

parently all from a single deposit in Pulaski County 
that lies on the line between sees. 35 and 36, T. 1 N., 
R. 12 W. In 1928 the Dixie Bauxite Co. began mining 
operations near Sweet Home and in 1929 started work 
ing the first vertical shaft mine in the bauxite region.

The American Bauxite Co., the principal producer 
in the Arkansas field, changed its name early in 1930 to 
The Republic Mining and Manufacturing Co. of Dela 
ware, and the old Republic Mining and Manufacturing 
Co. of Georgia that had been operating in the P^ilaski 
mining district, was incorporated into the new company. 
The new Republic Mining and Manufacturing Co. was 
the largest producer during the thirties and early forties. 
The Kalbfleisch Corp. entered the Arkansas field in 
1930 and worked the old Globe and Superior pit mines 
in sees. 25 and 26, T. 2 S., R. 14 W. Later in the 
thirties, and in the forties, the same company, under 
the name American Cyanamid and Chemical Corp. was 
one of the principal producers in the bauxite region. 
The Crouch Mining Co., a subsidiary of the General 
Abrasive Co., began mining operations in 1931 from the 
England shaft mine in Pulaski County; then in 1940 
switched operations to the Young shaft mine in Saline 
County, the deepest mine in the bauxite region.

Several new producers were active in the bauxite 
region during the middle thirties. The Crawford 
Bauxite Co., 1933, produced ore from a shaft mine in the 
Saline district, about a mile northeast of Mount Olive. 
The Pulaski Bauxite Co. also produced some ore in 
1936 and 1938 from the J. P. Wright property in sec, 
36, T. 1 N., R. 12 W., Pulaski County. The Standard 
Bauxite and Chemical Co. sank a shaft in the northeast 
corner of section 17,T.2S.,R. 14 W., and this property 
was operated by the West Bauxite Mining Co. in 1936 
and by the Arkansas Bauxite Corp. which also operated 
two other properties in the Saline district. A wet proc 
ess activating plant was installed at West Bauxite 
jointly owned with Max R. Miller Co. In 1940 the 
Arkansas Bauxite Corp. sold most of its interests to 
the American Cyanamid and Chemical Corp. The 
Porocel Corp. erected a plant in 1938 near Berger and 
in 1939 produced activated bauxite by means of a new 
dry process. Ore was purchased from other companies, 
mostly from American Cyanamid and Chemical Corp. 
Porocel Corp. also bought the West Bauxite activating 
plant.

Arkansas production increased in 1939 and 1940, but 
did not reach the 1923 level. Early hi 1941 another new 
company, the Dulin Bauxite Co., started mining opera 
tions in Pulaski County and began construction of a 
calcining plant at Sweet Home. World War II brought
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TABLE 13. Chronological list of the companies that have mined bauxite in the Pulaski

Mining company

Southern Bauxite Mining and Manu 
facturing Co.

American Bauxite Co. (Fred Berger)-_

Republic Mining and Manufacturing 
Co. (of Georgia).

Globe Bauxite Co.- _ ___ . _____

J. P. Wright-___  __________________

D. B. Hill-   - -   - -_     
Dixie Bauxite Co.. ____ _____
Republic Mining and Manufacturing 

Co. (of Delaware).

American Cyanamid and Chemical 
Corp. 

Standard Bauxite and Chemical Co_.

Consolidated Chemical Industries, 
Inc.

P. C. Upton              

Fourche Mountain Mining Co... _

Hull-Macke Bauxite Co____-_-_-_.___

Hurricane Creek Mining Co. ._._ _

Pulaski Mining Co _____ ._ ____

Taff, Fleming, Dryden, and 
McWorkman. 

Wells Mining Co    - -   

Midwest Mines Co.---..---. __ . _

Mrs. Leila L. Bentley, Receiver. -..._ 
Alcoa Mining Co. _ _____ ___ _. ...

District

Saline.____

_.  do---

... ..do..-
____-do____
_..__do__._

..___do__._

..._-do---_
Sal.. Pul_.

___ do ___

____ do__-
___-_do__-_
____ do__-
Sal., Pul__

Pul., Sal- _

Pul., Sal..

-do___-

  _-do--._

Pulaski. ..
Sal., Pul-

Pul., Sal-
Sal., Pul 
Pulaski-__

___ _do__-
... __<10__-

_do.___
Pul., Sal__

Pulaski___

Saline-   

_-__do__-_

  -do---
   -do.,..

-._ do_ -_
Pul., Sal-.

_____do__._

  ..do__._

-_...do-___

Pulaskl...

_-  do  
Sal., Pul._
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X
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X
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X
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X
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X
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X
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X
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X

X

1911

X
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X

X
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X

X

X
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X

X
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X

X
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X
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X

X

1917

X

X

X 
X
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X

X

X 
X

1919

X
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X 
X

1920

X

X

X 
X

1921

X

X

X 
X
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and Saline mining districts from 1896 to 1949, showing the years of reported production
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Remarks

Changed name to General Bauxite Co.

Sold most of interests to Pittsburgh 
Reduction Co.

Changed name to Aluminum Co. of 
America.

Sold out to Republic Mining and Manu 
facturing Co. 

Combined with later American-Bauxite 
Co. 

Mining interests later became American 
Bauxite Co. 

Formed by officials of General Bauxite 
Co. 

Became Republic Mining and Manu 
facturing Co.

Bought abrasive ore from 1913 to present.

Succeeded National Bauxite Co. in 
Arkansas.

C hinged name later to Alcoa Mining 
Co.

Later became American Cyanamid and 
Chemical Corp. 

Subsidiary of the General Abrasive Co.

Mined for Arkansas Bauxite Corpora 
tion. 

Worked Standard Bauxite and Chemical 
Co. property. 

Associated with J. P. Wright & Co.

Roy Prewitt and associates.

See Hurricane Creek Mining Co.

Went into receivership slnrtly after 
mining started. 

P. C. Upton and associates.

Roy Prewitt and associates.

Name later changed to Macke Bauxite 
Co. 

P. C. Upton and associates.

Associated with Dulin Bauxite Co.

Appointed receiver for Aluminite Min 
ing Corp.

Operated by Porter Dewitt Construc 
tion Co.

Succeeded E. G. Shoffner. 
Succeeded Verne McMillen. 
New name for Republic Mining and 

Manufacturing Co.

452763 58   12
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on an increase in production that would have been 
thought impossible a few years earlier. The production 
of crude bauxite from the Arkansas mines increased 
from 991,481 long tons in 1941 to 7,053,028 long tons 
in 1943, then dropped to about half this figure in 1944. 
A modified Bayer-process alumina plant, the largest in 
the world, designed to handle bauxite of an average 
grade of 50 percent alumina and 13 percent silica, was 
constructed at Hurricane Creek. The Metals Reserve 
Company, a branch of the Federal Government, set up 
a sliding price schedule based on $4 per dry ton for ore 
of this quality. The War Production Board allocated 
priorities to stimulate bauxite producers. A total of 32 
producing companies operated in the bauxite region 
during this period. Most of these companies were 
selling ore to the Metals Reserve Company for stock 
piling and for use in the two large Government-owned 
alumina plants at Hurricane Creek, Ark., and Baton 
Rouge, La. On December 31, 1943 there were 79 
separate mining operations in progress at the same time 
in the bauxite region.

Since World War II the production, which fell to 
slightly more than a million tons in 1945, gradually in 
creased to more than a million and a half tons in 1948. 
On April 15, 1945 the Republic Mining and Manufac 
turing Co. changed its name to the Alcoa Mining Co. 
Eight companies in 1949 operated 19 mines (table 13) 
in the region, and are listed below:

Alcoa Mining Co.
American Cyanamid and Chemical Co.
Consolidated Chemical Industries, Inc.
Crouch Mining Co., Inc.
Diilin Bauxite Co., Inc.
Norton Co.
Pulaski Mining Co.
Reynolds Mining Corp.

The Reynolds Mining Corp. among other properties 
acquired the holdings of the Pulaski Mining Co. Owing- 
to labor difficulties in two major producing companies, 
however, production fell off during the year. Consoli 
dated Chemical Industries, Inc. and Norton Co. mined 
no ore but continued buying ore or using bauxite already 
in stockpiles.

In the table below Arkansas bauxite production is 
shown for all the years that the bauxite region has been 
actively engaged in mining. Most of the data have 
been taken from "Mineral Resources of the United 
States," published by the U. S. Geological Survey and 
the "Minerals Yearbook" published by the U. S. 
Bureau of Mines. The figures for 1907-9 have been 
revised, in accordance with unpublished data from the 
U. S. Bureau of Mines, to eliminate the production 
from other States shown in combination with them in 
earlv volumes of "Mineral Resources."

Aj'kansas bauxite production, in long tons, as shipped

Year

1896_ .___ . .
1897_   -------
1898_ __-.-- -
1899_ _---__-_.
1900__ ,____
1901_______ _.
1902. ____
1903__. _-____.
1904 ________
1905_ _ ___
1906 _ _ ...
1907___-------
1908__ ------
1909__--------
1910_____ _____
1911__ ______ 
1912 ______ __
1913_ _ _____
1914 _ ____
1915 _____ _
1916 _
1917 __ .___
1918-   -_--_-_
1919__---____-
1920_   _-__-_- 
1921_. _______
1Q99

1923____-----_

Production

40

633
5,045 
3,445 

867 
4, 645 

25, 713 
25, 748 
32, 956 
50, 267 
58, 942 
33, 703 

101, 531 
110, 406 
122, 183 
117,299 
169, 871 
195, 247 
268, 796 
375, 910 
506, 556 
562, 892 
333, 490 
481, 279 
124, 850 
266, 790 
493, 880

Year

1924.. ____.
1925__--_- ---
1926_____
1927_   _---   . 
1928_ ---------
1929_ ______
1930____------
1931___. ____
1932_ _________
1933__ ____
1934_____   ._
1935_-   _    
1936________
1937. ______
1938-.-------.
1939_-_--_--_-
1940__ ------
1941.. __-_-___
1942. ---------
1943__ --------
1944___ _____
1945_-   _     -
1946_________
1947 ---_ ___-
1948--------- 
1949_---     _

Total___

Production

327, 630 
296, 320 
371, 570 
303, 830 
361, 236 
351, 054 
315,273 
186, 697 

89, 779 
142, 179 
145, 764 
219, 791 
354, 943 
402, 195 
293, 280 
361, 256 
423, 283 
813, 545 

2, 391, 596 
6, 348, 478 
2, 788, 019 

988, 877 
1,049, 125 
1, 186, 728 
1, 430, 688 
1 , 232, 883

27, 649, 001

The quantities shown in the table are for bauxite 
"as shipped" and show actual tonnages of material 
shipped, part of which already had been treated in 
intermediate processing plants. Bauxite is shipped in 
several forms in which the moisture content varies 
considerably crude, dried, activated, calcined, and 
sintered depending upon the use for which the material 
is intended. The table, therefore, does not give an 
accurate picture of mine production, and the total is 
less than the actual total output of crude bauxite. 
These are the only figures available, however, that 
cover the entire span of production from 1896 to 1949.

Only since 1940 are figures available on the amount 
of crude bauxite produced at the mines. These 
figures and those for dried bauxite equivalent, repre 
senting the weight of the bauxite after drying, are 
shown in the table below.

Production of crude bauxite from mines in Arkansas, 1940-49, 
in long tons, from U. S. Bureau of Mines, "Minerals Yearbook"

Year

1940_____    --   _-------   _
1941____________-_-_-__   _
1942----   --------- _-_-__
1943-___       -   _-_      
1944____________-_____-____
1945         -   __--     
1946          -   _---   -  
1947__________-_______---__
1948-______-_-_---____----_-
1949      -   -_            

Total_ _______________

Crude bauxite

1 497, 586 
991, 481 

2, 852, 051 
7, 053, 028 
3, 173, 008 
1,061,911 
1, 288, 764 
1, 368, 693 
1, 649, 926 
1, 287, 358

21, 223, 806

Pried bauxite 
equivalent

1 428, 471 
856, 196 

2, 459, 906 
6, 036, 490 
2, 695, 317 

910,049 
1, 050, 347 
1, 153, 563 
1, 395, 341 
1, 094, 924

18, 079, 604
'Unpublished data, courtesy of the U. S. Bureau of Mines.
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It is possible to estimate the total crude production 
for the years before 1940. The U. S. Bureau of Alines 
"Minerals Yearbook" (figures for 1938), revised in 1939, 
has calculated the dried bauxite equivalent of bauxite 
shipped from Arkansas from 1934 to 1939. By con 
verting these figures to the amount of crude bauxite 
produced and, the dried bauxite equivalent being taken 
as 85 percent of the crude, a ratio of 1:1.2 for bauxite 
"as shipped" to crude bauxite for the 6-year period is 
indicated. Similarly, if unpublished Bureau of Mines 
figures on dried bauxite equivalent shipped, 1920-39 
are used, a ratio of 1:1.18 of bauxite "as shipped" to 
crude bauxite is indicated. If these ratios are taken as 
typical of the entire period of production before 1940, 
a total production of 10.6-10.8 million long tons of 
crude ore is indicated for 1896-1939. Added to the total 
crude bauxite production shown in the preceding table, 
this amounts to an estimated total crude production 
from the Arkansas bauxite region of about 32 million 
long tons through 1949.

BAUXITE MINES AND MINING

During the first few years of production the opening 
of a mine in the Arkansas bauxite region was a compara 
tively simple operation. As most of the mining was 
limited to outcrops, stripping of only a few inches to a 
few feet of soil was required. Charges of blasting- 
powder placed in drill holes generally about 15 feet 
deep broke down the bauxite face sufficiently to permit 
the ore to be loaded into wagons by pick and shovel. 
Some of the bauxite was loosely consolidated and 
required little or no blasting. Granitic-textured 
bauxite was separated from pisolitic, grades were 
segregated, and limonitic blocks discarded by hand 
soi ting. These simple mining methods have been 
described by Hayes (1901, p. 471-472), Struthers 
(1904, p. 276-277), and Berger (1904, p. 607).

By 1911 stripping had reached a depth of 40-50 
feet at the Maggie mine near Bauxite, but this ap 
parently was the extreme depth (Phalen, 1912, p. 
926-927). Steam shovels were already being used in 
stripping, but actual mining was clone by hand methods 
owing to the variable character of the ore and strict 
requirements for metal grade. In the large strip pits of 
the American Bauxite Co. near Bauxite, the ore was 
mined in benches, shoveled into mine cars, and con 
veyed to a railroad operated from mines to mill.

Through World War I and the early twenties surface- 
mining methods were used exclusively. The amount 
of overburden that had to be stripped in order to ex 
pose the ore reached a maximum of 80 feet before 1927 
(Cash and Voii Bernewitz, 1929, p. 231). Several 
writers have described the separate steps required 
to prepare the deposits in the vicinity of Bauxite for

mining (Alien, 1925; Anon., 1927; Cash and Von Berne 
witz, 1929; Shiras, 1923, 1931). These five steps are 
listed as follows:

1. Bulk stripping with 60- to 70-ton steam shovels 
and the removal of overburden in 1-3 benches depend 
ing upon the thickness.

2. Secondary stripping with 20- to 36-ton shovels 
of the caterpillar type or by wheeled scrapers, which 
follow the contours of the bauxite, and removal of all 
but 18 inches to 3 feet of overburden.

3. Kipping and breaking up of the clayey hardcap 
by means of heavy road machines, and removal of 
this waste.

4. Cleaning out small irregularities and channels 
on the ore surface by hand pick-and-shovel work.

5. Sweeping of the ore surface with steel brooms, 
which improved the grade of the ore by lowering the 
average silica content by as much as 1 percent.

Generally, 7 percent of silica was the maximum 
content permitted for metal-grade ore. The bauxite 
exposed in the mine face was broken up by low-strength 
dynamite or powder placed in holes 6-20 feet deep. 
Ore of irregular grade, because of clay pockets, was 
mined by hand; that of uniform grade was produced 
by steam shovel.

Increased stripping costs, owing to the exhaustion 
of most of the shallow ore, led to the introduction of 
underground mining methods. Early in 1924 the 
American Bauxite Co. completed a 4,000-foot haulage 
adit to open the Da vis underground mine and extricted 
bauxite from depths of 70 to 180 feet. Other mines of 
this type were later exploited in nearby deposits. In 
the late twenties and early thirties about 60 percent 
of the bauxite mined in Arkansas was produced by 
underground methods (Alien, 1925; Brainier, 1935; 
Shiras, 1931).

The underground mining method that has become 
a generally standard system for the bauxite r?gion 
is to drive two parallel entries, 30 to 50 feet apart, 
to the end of the ore body, with crosscuts every 200 
feet or more. Breast stopes are driven normal to or at 
angles as low as 45° to the entries, on 30- to 50-foot 
centers. They are extended along the base of the ore 
to the edge of the ore body. Headings between the 
stopes divide the ore into a series of pillars. At least 
a foot of bauxite is left as a roof. The ore is mined 
by a room and pillar system, the outer parts first, 
then retreating and caving toward the entries.

The first vertical-shaft mine, a timbered shaft, 
the Dixie No. 1, was opened in 1928 north of Sweet 
Home in the Pulaski mining district. One- to three- 
compartment shafts have been sunk in many nines 
since, where water or quicksand in the overburden 
is not a problem.
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During World War II a reinforced concrete circular 
drop shaft, with an inside diameter of 6 feet and a 
depth of 122 feet, was sunk to open the Rowland mine 
near Bryaiit. Five 2-inch pipes within the 8-inch 
shaft wall contained the compressed air lines and elec 
tric wires for the mine.

In the forties, circular steel-lined concrete-grouted 
shafts came into use in the bauxite region. They are 
most practical in loosely consolidated ground, free from 
large boulders, where quicksand and water in the over 
burden are a problem (MacPhersoii, 1945, p. 9-10). 
The first and one of the deepest of these is the 310-foot 
shaft, 75 inches in diameter at the Young property of 
the Crouch Mining Co. in Saline County. These shafts 
are drilled from a 70-foot derrick by means of a tech 
nique used by the Layiie-Arkansas Co. of Stuttgart, 
Ark. This method has been described in some detail 
by MacPhersoii.

The improvement of earth-moving equipment during

the thirties and the necessity for exposing the largest 
volume of ore in the shortest time at the outset of World 
War II led to a new emphasis being placed on strip- 
mining. This also has the advantage of greater recovery 
of the ore in place generally between 85 and 90 percent. 
According to MacPhersoii (1945, p. 7) three types of 
equipment were used during the war in stripping 
operations: tractor-drawn scrapers of 6-15 cubic yards 
capacity; power shovels loading into large-capacity 
diesel trucks; and walking-type draglines employing 
buckets of 1- to 10-cubic yard capacity. Cleaning 
of the ore surface was as described on page 159. 
Cleaning did not have to be as thorough because im 
provements in the Bayer process embodied in the Hurri 
cane Creek alumina plant and its associated sirter plant 
permitted use of bauxite of a higher silica content than 
heretofore (13 percent average). Stripping was gen 
erally confined to depths less than 80 feet, but reached 
125 feet in part of one of the large pits near Bauxite.

TABLE 14.  The mines of the Arkansas bauxite region listed alphabetically, with information as to mining district, type, general

Mine name

Alexander Hill        .   _     _ -_

Area C ....

Bizzell                       -

Canal No. 1. .......... ________________

Canal No. 2---.      --           
Cargill (north shaft) - _- _ _____ _
Cargill (Southern). __ - _ . ___ _ __ _

Cargill (Superior)- __ . ___ ..-. _____

Childress. _---_____-____-_-_-____________

Covinsrton No. 4... ._. .
Covington No. 5. -_-______ _ _
Crosscut No. 23__.- __ ______ _ _

Davis__ ___-_-_ ______ ____________

Dixie No. 1 .
Dixie No. 2_.___. ________________
Dixie No. 3.-   _____ .. _ _______

Number 
on map 
(Pi. 1)

fi4
ft)

85
ft)

44

27

AQ

(*)

69

95

Q7

98

ft)
no

96
87

79
80
OQ

63, 63a

16

24 25

District

Saline-        
_._-.do _ _________

_ -do _______ ___
   do_.  _   

_ ..do

   do. ...._    .

   do_________ __
_____do ___________

Saline- ___________

_ .do _________

Saline        

   _do____     
Saline       

_   do______ ..____
  do --.     -
  do___.    _
_____ do. _..     ._
_____ do____ ________

  do _________
____-do___. ________

____.do____ ________

    _dO--         
_____ do____ ________

   _do_ _________
_____ do____ ________
   do. -.._-. ...
_____ do ___________

Saline     

_____do ___________
--..do.... ________
   do____ _____...

Type of mine

__ do ___-_-_-___ ________

_--do _-________      _

  -do.-.       _________
.....do . - __
   .do___. __--   -   -  

__ _-do __ __ _______________

   do_-_             
____ _do____ ____         __

_____do________     ________

__  do _____________________

   _do_-_            
   do__             

   _do_              
_____ do____ __________________

Combined   __ _ __

Approximate location

SE^NE 1 ! sec. 15, T. 28., R. 14 W. _    ___________________
SEiiSWJjsec. 15, T. 2 S., R. 14 W_ ______________________________
SW.iSWJ-4 sec. 35, T. 1 S., R. 14 W  -_       _  ___________

NWMNE'.t sec. Ifi, T. 2 S., R. 14 \V____________________._____-___

  do _____    _____     _                 
_-_ -do _ _   __                        __
W. at. W!4 sec. \, T. 1 S., R. 12 W_    ___.       ._______
**   Cftrsrill rniiiG

SW^'NEi/ sec. 2, T. 1 S., R. 12 W     _____._.__   __________
NW^iSW 1! sec. 26 and NEJi'SEJ-i sec. 27, T. 2 S., R, 14 W    

N'&SEJi sec. 27, T. 2 R., R 14 W__ ...   ...   ...._-.._...._..___
NW^SEi-4 sec. 2, T. 1 S., R. 12 W                    
SEJiSE 1! sec. 11, T. 2 S., R. 14 W                      

NE^'SEli'sec. 24, T. IN., R. 12 W. ._____      ____________
SWMSWil sec. 35, T. 1 S., R. 14 W  _                  
SE.^SWi-1 sec. 36, T. 1 N., R. 12 W                .    
SWIISEii sec. 4, T. IS., R. 12 W- __________ ___ ___._..__... ...
SJiSEli' sec. 10 and NW^NEJ4 sec. 15, T. 2 S., R. 14 W_.     -

SE^SE!/ sec. 10, T. 2 S., R. 14 W -_______      ... . ....   ...
SWMSWM sec. 24, T. 2 S., R. 14 W ......... .......        ..
SWMSWW sec. 24, T. 2 S., R. 14 W       ... ....         -
NW^NWM sec. 25, T. 2 S., R. 14 W--                
  -_do__                                        

NWllNEli sec. 24, T. 2 S., R. 14 W                   ...
SW^NW1! sec. 15, T. 2 S., R. 14 W  ___       ____       

NWljSWLj sec. 24, T. 2 S., R. 14 W                   -

SEia'SWlf sec. 24, T. 2 S., R. 14 W_                     
SEliNWJi sec. 24, T. 2 S., R. 14 W                    -

NE^SEl* sec. 12, T. 2 S., R. 14 W__. -        .       ..  
SE^SEJi sec. 12, T. 2 S., R. 14 W                     
NEifNE,i sec. 21, T. 2 S., R. 14 "W                     

NW 1̂ , WJ-aNEM, NE^'SWM, and NW^SEM sec, 22, T. 2 S.,
R. 14 W. 

SEii'SE.i sec. 24, T. 1 N., R. 12 W--                  
NESfNEM sec. 25, T. 1 N., R. 12 W         _       - -----
8^NWV4' sec. 19, T. 1 N., R. 11 W   _                 
NEWSE^ sec. 35 and NWMSWW sec. 36, T. 1 N., P.. 12 W. .....

See footnotes at end of table.
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Since the war, the greater proportion of bauxite 
mined has come from open pits. Nearly all the large 
Alcoa underground mines have closed. Several of the 
smaller producers, however, have continued to mine 
chiefly by underground methods. The Reynolds Mining 
Corp. while keeping the average grade of the bauxite 
entering the Hurricane Creek plant at about 14 percent 
silica and 50 percent alumina, by blending, is utilizing 
rock containing as high as 30 percent silica, or as low as 
35 percent alumina where the iron content is high. Ore 
of high-silica content does not lend itself to mining by 
underground methods as it disintegrates in roof and 
pillars. The company in 1949 was stripping bauxite to 
a depth of 125 feet in their large Section 35 mine and 
planned later to go as deep as 175 feet. According to 
O. C. Schmedeman, formerly vice-president and chief 
geologist of the company (personal communication, 
November 1949), open-pit methods in this particular 
area permit a recovery four times greater than would be

possible by underground methods, as only one of 
several bauxite layers is thick enough to mine under 
ground.

There are still many deposits in the region that lie at 
depths too great to mine economically by present 
stripping methods. As the shallower deposits are de 
pleted, emphasis will again shift to underground mining.

The mines of the Arkansas bauxite region are all 
listed in alphabetical order in table 14. The list is as 
complete as possible and contains all published names 
and those used by operating companies of the past 
decade. It probably omits names of some of the older 
mines. The type of mine, approximate location, period 
of activity by decades, and other information are given 
for each mine. As the naming, particularly of open-pit 
mines, is haphazard and is subject to change in some 
cases, different names for the same mine are indicated 
by cross reference.

location, principal operating company, periods of activity, so far as known, and operating status as of July 1, 1949

Principal operating company

  do                 

____ _do_ _________________________________

Republic Mining and Manufacturing 
Co. 

_____do_ _________________________________
_____do.. _____________________ ________
_____do_. ________________________________

_____do_ _________________________________
Republic Mining and Manufacturing 

Co.

Dulin Bauxite Co__.____ _______________

Pulaski Mining Co____ ___ __ _____

Republic Mining and Manufacturing 
Co. 

_____do________ __________________________

_____do_________ __________________________
_____do_. ________________________________
_.__do_. ________________________________

Republic Mining and Manufacturing 
Co. 

American Cyanamid and Chemical 
Corp. 

_____do. _________________________________
Hurricane Creek Mining Co _ _ _ _

American Cyanamid and Chem. Corp

_.___do___ _ _ __ ____ _ _ _ _ __ ......
  .do   ..-__           _      
American Cyanamid and Chem. Corp

Republic Mining and Manufacturing 
Co. 

Clarke Bauxite Co_.____________________
Dixie Bauxite Co. _ __. __ __ _

___..do____. _____________________________
____.do. __________ _________ _________

Periods of activity

Before 
1910

X

X

1910-19

X

X

X

1920-29

X

X 
X

X

X

X

X

X

X 
X

1930-39

X

X

X 
X

X

X

X 
X 
X 
X

X 

X

X 
X

X

X

X

1940-49

X 
X

X 
X

X

X 
X 
X 
X
X

X 
X 
X 
X 
X

X

X

X 
X

X 
X

X 

X

X 
X

Status on July 1, 1949

_.___do. __________________

   do  .         -
_____do_   ______________
  -do            
 -do           
.. do  ..-  -  _

  do  ___        

____.do____. ______________
  do  .      ______

____-dO   ______________

. .do...-...  -...   .
____.do__. ________________
____.do__. .-_.__._________
_____do__..-_. ....________

Remarks

New area stripped in 1949. 
Now part of Reynolds' Section 35 pit mine. 
Now part of Reynolds' Section 24 property.

Old name for surface workings around Davis mine*

Old name for pit mines in sees. 14 and 15. 
Do. 

See also North England mine.

Formerly was small open-pit mine. 

Stripped but never mined. 

Opened and mined by Arkansas Bauxite Corp.

Now part of Reynolds' Section 35 pit mine.

} Named in 1924 when drainage canal was dug, but not 
operated until later.

Underground part of Cargill (Southern) mine. 
Former pit mine of Southern Bauxite Co. 
Underground part of Cargill (Superior) mine. 
Former pit mine of Superior Bauxite Co.

Now part of Reynolds' Section 24 property. 
A continuation of the Steam Shovel mine.

Also mined by Hurricane Creek Mining Co.

Former pit mine of Southern Bauxite Co. 
Opened by American Cyanamid and Chem. Corp,

^Shafts of the Hurricane Creek mine group.
Part of Davis mine; portal at Maggie mine. 
Originally owned by Republic Mining and Maiiu'acturing- 

Co. 
Oldest underground mine in bauxite region.

Also known as Hoekstra mine. 
First shaft mine in bauxite region. 
Included Dixon and Pulaski pit mines.
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TABLE 14.  The mines of the Arkansas bauxite region listed alphabetically, with information as to mining district, type, general

Mine name

Dollar... _______ . __________ ____ _____

East Maud..--.--- ----------- --_-

Ella_______________-_-_-__-_____ _   _-
Elrod      -                

Globe

Harlev             ---    

MiddleMaud                 

Mlttie

Old Dixie No. 2               

Old Globe..                 _ 

OyQt-lr 9ft

PGIIZG 1 " O 06

Pruden Extension. . ______ __ .

Number 
on map 
(pi. 1)

41

107

qq
91
60
49
4°.

12

74
74

129

85
103

114, 115
61
86
QO

82
118

1 0

(t)

35
16
17
18
CO

58, 59
57

KK

4
121
56

(t)

46

107, 108

Ql

45

(t)
108

82
73

(t)

8
100

(*)
(*)

68
(*.

103

33
33

89. 90, 92

84
28

126

122
123

District

.....do __.__   
__._.do __________
--.do -_. -.

_____do__    _______
   do        
-  do.... .    _
- do-  ________

Pulaski... ________

  do     
-  do. .- _______

___ __do__. __________
  -do -     -

__.__do        
- do .    _
-__ -do       
  do      
- do..   ________

-...do .  -----
  do    ______
-. do  __________

___-do-...- _______

__ do_  _________
_____do__. __._____._
--  do        

- do...   _______
  do      
__ do   ________
Pulaski-.     

Saline  __________

-  do   _______
- do .. ________

  do      
  -do   _______
- do       -

___-do   - _______
Pulaski-       

  do      

___-do  . ________
_____do_        _

_  -do    _______

Pulaski.. . ________

-  do      

- do  _________
Pul-u-kl-       

- do-  ----

Pulaski---________
-___ do___ __________

  do-  _______

  do     

Saline       

   -do        
-   .do.... .-...

Type of mine

  .do __- _____ _____
____-do_ _..___.__.__________.
  do             

  ..do   __________________
   do              
   do    __       __
  -do            

_--.do      ____      

  -do            

  ..do . ___________ _..  
  do            

_   .do.  .-        -  
___ -do              
-  do.  -     _     -

- do...   ____-_______-__-

- do...            

  do .. -.--     .-_.-  

___-do  _________ __ _______

   do... .__         _ 
  __do              
_  .do,-.        --   -
-  do-.... __________ ________

- do          

-   do               -
.  do...             

-  do              -
   _do              

  -do              

  do           

  do             

   do               
  do           

   .do     -     --  
  do           

-  do...    -         
  do          

Approximate location

NE^SEij sec. 35, T. 1 N., R. 12 \V_-____________ ____________
NWla'NWK sec. 9, T. 1 S., R. 12 W__________  ___________ .__
NW^'SEii sec. 24, T. 1 N., R. 12 W    _______________________
See Ratclifle mine.
SEH'SEM Sec. 22, 8WJ.iSW}.i sec. 23, and NEMNEM sec. 27, T.

2 S., R. 14 W. 

SEHSWJi sec. 23, T. 2 S., R. 14 W_              __      
NW^SEJi sec. 24, T. 2 S., R. 14 W  ______ _______________
S^NEM SPC. 22, T. 2 S., R. 14 W. _________________________ _____
NWMNWM sec. 2, part of NEMNEM sec. 3, T. 2 S., R. 14 W..._

SWMSWM sec. 4, T. 1 S., R. 12 W.             _       

SEl^SEM sec. 24, T. 1 N., R. 12 W. __    _     _         
SWJiSWJ-i sec. 4, T. 1 S., R. 12 W    ----------- ____________
SE^SW^ sec. 11, T. 2 S., R. 14 W-.--_                 _

NWJiNE^sec. 9, T. 28., R. 14 W-   - _ ____________ _ ______

NW^NE -i sec. 24, T. 2 S., R. 14 W--______________ _ _________
NWMSEM sec. 26, T. 2 S., R. 14 W-                   .
SE^NE^ sec. 28, T. 2 S., R. 14 W.. _.   _                
EJjNWM and Wi.NEJt sec. 22. T. 2 S., R, 14 W         
NEJiNE.i sec. 24, T. 2 S., R. 14 W  _________________________

NWi-iNE^ sec. 24, T. 2 S., R. 14 W         _            
See Midwest mine.  _ _ ..
N.f Smith mine -_--__--__ . _ ___ __ __

bEiiSE}4 sec. 24, T. IN., R. 12 W.--                     -

NEMSWH' sec. 9, T. 1 S., R. 12 W____-__-___----_--__ __________

NEiiNEJIsec. 25, T. IN., R. 12 W.                     
-  'do                        _  _        

NW^SW 1^ sec. 2, and NEMSEM sec. 3, T. 2 S., R. 14 W     
E.jjSW^sec. 12. T. 28., R. 14W-. - _______ _________________
NW».<SE,iandNE^SWMsec. 22, T. 2 S., R. 14 W_____ ________
SWH"NW?i and NhSWM sec. 22, T. 2 S., R. 14 W-     _     
SWi-iSEii sec. 24, T. 1 N., R. 12 W..  ------------- _ _--_

N'oNWMsec. 15, T. 2 S., R. 14 W       .   -_   ----- ___-

See Ratclifle (Dulin) mine___----__-_______------______ _--_-__-
NWMSEk' sec. 16, T. 2 S., R. 14 W    .                
NE^NEJisec. 21, T. 2 S., R. 14 W       __ -            
W^SE-i' sec. 15, T. 2 S., R. 14 W  ----------------------- _

SWMNWy sec. 35, T. IS., R. 14 W     _                 
NEk'NW^ and NWMNEJ^ sec. 22, T. 2 S., R. 14 W... _________
See Middle and East Maud mines- . _ ._ _ _ ___

NEJ,4'NEH sec. 24, T. 2 S., R. 14 W                      
NWJ4NEi| sec. 8, T. 1 S., R. 12 W       .         _ ------- _

NW^iNE 1! sec. 15, T. 2 S., R. 14 W-                     
NWJiNEM sec. 27, and SWJiSEM sec. 22, T. 2 S., R. 14 W..  

NEi-JNEM sec. 24, T. 2 S., R. 14 W                     
SEJ4NEJ4 and NEKSEJi sec. 14, T. 2 S., R. 11 W -      - ___

EijSWMsec. 15, T. 2 S., R. 14 W    --------------------------

NWMSEM sec. 24, T. 1 N., R. 12 W_                     
SWMSWM sec. 23, W>2 and NEM sec. 26, EHNEif sec. 27, T.

28., R. 14 W. 
NWMSW^ sec. 4, T. IS., R. 12 W-                     
SW.iNEJ-tsec. 13, T. 2 S., R. 14 W   ---   ---   ---   -   .
SEMSWM and SWMSE^ sec. 7, T. 2 S., R. 13 W... _____________

SW^NEMsec. 15, T. 28., R. 14 W. ..___-_      _-___     
SWMNEM sec. 21, T. IS., R. 12 W                     
iSf _ Globe mine _ _

SWHNEii sec. 9, T. IS., R. 12 W.-__                   
NEiiSW^' sec. 24, T. 28., R. 14 W     -      _-       
NEi4'SEi| sec. 28, T. 2 S., R. 14 W                     

NE. 4'8W.4 sec. 2, T. 1 S., R. 12 W  ------------------------
NWiiNWii sec. 16, T. 2 S., R. 14 W-_                  

SEiiNW. 4' and SWliNE^ sec. 16, T. 2 S., R. 14 W._..    _____
SioNW.i' sec. 16, T. 2 S.. JR. 14 W..  ------            -

See footnotes at end of table.
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location, principal operating company, periods of activity, so far as known, and operating status as of July 1, 1949 Continued

Principal operating company

E. Q. Shoffner, Receiver. _ ____________

Alcoa Mining Co_._ ___   ___._
Republic Mining and Manufacturing 

Co.

   .do-                     --

Republic Mining and Manufacturing 
Co. 

American Cyanamid and Chem. Corp _

American Cvaiiamid and Chem. Corp..

American Bauxite Co .   _

   do_                       -
Midwest Mines Co____________ ____ _
Republic Mining and Manufacturing 

Co. 
Dulin Bauxite Co... --------------
American Cvanamid and Chem. Corp__

S. E. Evans Construction Co_ _ ___ _

Reynolds Mining Corp. _ ... ______

_____do                  -

Republic Mining and Manufacturing 
Co. 

Dulin Bauxite Co__   - ______ __ ._.

American Bauxite Co. . .. .
   .do.    -.                

American Bauxite Co . _ _ .
Republic Mining and Manufacturing 

Co.

Republic Mining and Manufacturing 
Co. 

Midwest Mines Co__ __ ... .. _ _____
Republic Mining and Manufacturing 

Co.

Republic Mining and Manufacturing 
Co.

Reynolds Mining Corp.

Dulin Bauxite Co.    -------------
Superior Bauxite Co ________ _ __ _

Dixie Bauxite Co      - __ __________

American Cvanamid and Chem. Corp_
Du Pont de Nemours Co__ _ ___ ___

   .do                       
   .do--        -. ______________

Crawford Bauxite Co _____ __ _ ___
Dulin Bauxite Co             _--
Republic Mining and Manufacturing 

Co. 
   .do    -            _      
__.._do_ _________________________________

Periods of activity

Before 
1910

X

X

X

X

X 
X

X

1910-19

X

X

X

X

X 
X

X

X 
X

X

(?)

X

X

X

1920-29

X

X

X

X

X 
X

X

X 
X

X

X

X 

X

X

X

X

1930-39

X

X

X

X 
X

X 
X
(?)

X

X

X

X 
X

X

X

X

X

X

X

X 
X

X

1940-49

X 
X
~X

X 
X

X 

X

X 
X 
X
~X 

X

X

X 

X

X

X

X 
X

X 
X

X 

X

X

X 
X

X

X 
X

X 
X

X 
X 
X

X 
X

X 
X

X 
X

X 
X

Status on July 1, 1949

   do   _        ___
____.do____._______. ______

.   .do-          .

--.do           

.--do-  -- ..   
  do         

  do         __-_
  do          .
Not operating-- ______ _. 

_____do___  . ___ _____.

  do          

   .do-           ..
___ _do___    ____________
   do            .
  do           
____ do.      _ _____

_ _ do.. ____________ ...

  do          _ 

. _ do           

  -_do_           
____ _do_______ ___________ _

_.__ _do_____         

  do           
  do  _   -   ._ -

   do           
   do          _  

  do __________________
  do.           

  do            -

do    ___ -

Remarks

See also Dixie No. 3 mine. 

Supplied ore to Drury plant.

Now part of Reynolds' Section 35 pit mine.

Opened by Arkansas Bauxite Co. 

Also mined by Leydig and Fleming. 

Now part, of Reynolds' Section 24 property. 

East and west shafts.

>Now part of Reynolds' Section 24 property. 

Now part of Reynolds' Section 35 pit mine.

Shafts of the Hurricane Creek mine group.

Stripped but not mined. 

Part of Reynolds' Section 35 mine area.

Opened and mined by Crawford Bauxite Co. 

One of the earliest pit mines. 

Now part of Reynolds' Section 24 property. 

Later mined as Section 15 mine.

Probable site of original Fred Berger mine. 

Shafts of the Hurricane Creek mine group.

Southeast shaft. 

Opened by National Bauxite Co.

Now part of Reynolds' Section 24 property. 

Strained but verv little was mined.
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TABLE 14.  The mines of the Arkansas bauxite region listed alphabetically, with infoi motion as to mining district, ti,'pe, general

Mine name

Pulaski _____ . ____ - _ .__ ____

Pulaski(Sherrill).             ___  

Ratclifle __ ... _____ ___ ______ _.

Ratcliffe (Dulin)...    ... ... ...    

Rauch Estate (pit). __ _ ___ . __ __._

Secttonl4     ... ... ...   ... _ ______

Section 16 .   - _______ _ _______

Section 28-. .. _____ ____ ____ _. _ _

Sherrill.       ...            ...
Sherrill-England------ -------- ---------__
Smith-..                    _. _

South Maud  __ _ __ . _____ - .....

Spring Hill. -..______._.  ..............

Do.....        .  .-..

Vick          ...             

West Elrod___ _____ . _______   _

West Ozark  _ ____ ______ . __ .

Whitley    .-.           ..

Willie Thomas... ---.---       -..
Wlnn        .          .. ..
Wrljrbt-.   ...             .   ...

Do       -        ..

Do  .     ...         ..

Number 
on map 
(Pi. 1)

24
17
15
51
52

128
3,5

4

36

38

39
34
32

31
30
29
39

(*)
46
KA

71,72

120

124

117
(*)

15
15a

43
110

119

10E

(*)

(t)

66

127
98

20

(t)

75
75
77

(*)
(*)
(t)

50

109

110
88
21

(*)

22
40
24
19

117

District

  do  ... ...  
  .do        
Saline       
  do   -   .

-_.do     ... .

_-do     --_-
  do    -  
  do.   ...   

_-.do    _-   -
  -do       
  do      
   do..  ... ---
   do        .

  do      
  do...       
   .do       
  do   .  
Saline.       .
"pnlaoVi

__  do-  -----

.. do - --   -
  do... -----
  do  ... ... ... .

   do  .__     
   _do  .__     
____. do  ........
  do ...     

do  .......

Saline-   _-. 

   do  ... ______
  ..do        

   do  ..... ... .
  do .    
   do  .____   _

   .do     ... _-

   do   ... ... ...
... .do ..     

  do     

Saline       
__  do  ........
... ..do... ...... ....

... -do    ..... ._
Saline     ..
"PlllaoVi

  ..do ..    -

_   do  _.._ ....
   do  .........

   do       
.... .do... ...    ...
  do      

  ..do       -

Type of mine

_  do   ------------
   do              
   do              

   do               -
   do..   ...         -

..-do  .-      --------
_. .do   .... ... .    -----

  do              
... -do   --_.__    -

_.--do   -----------

   do              
  _do    .   .       _

... -do   ... -      -----

... _.do               .
   .do              

   do               

  do...  -   .-- --------
. .do.   ... ... ...     
___-.do.         . .___--

  ..do            -----
  do              

_  do            

_  do_              

  do .. ...   . ...   -. 
... _.do      . ... .    --  
   do              

  do         

..... do      . ...       -
   do              
  do             
   do    ... ...      ...
_  do               

  do            

... -do              

... __do    ... . ....   ...  

  do              

-_.do    ... .      ... ...
... _.do    ... .....    ... .
  do            

..... do  ..          

..... do             -

  _.do  -_           -
  _.do      .   ...   

Approximate location

NW^SW^ sec. 36, T. 1 N., R. 12 W                 ~

SE^NEij sec. 3, T. 2 8., R. 14 W__     ____          ...  
NE^SElC sec. 3, T. 2 8., R. 14 W._                     

SEWEM sec. 9, T. 2 8., R. 14 W-                    
SEiiNEi-i and NE^SEJi sec. 24, T. 1 N., R. 12 W          

SEii'NEti sec. 24, T. 1 N., R. 12 W..                 
NEV4'SEi4 sec. 24, T. 1 N., R. 12 W                   
NE^'SWM sec. 9, T. 1 8., R. 12 W                    

_____do   _                                
   .do                                       
SEliNW^I sec. 9, T. 1 S., R. 12 W                    .
SE^NEM sec. 9, T. 1 S., R. 12 W                      
NW^NEii sec. 9, T. 1 S., R. 12 W                   

 -do......                          
NWiiSWH sec. 2, T. 1 S., R. 12 W                
N! 2'SWJi sec. 2, T. 1 S., R. 12 W                    

NEliSE^ sec. 34, T. 1 8., R. 14 W-_   .           .      

NEifSEii sec. 21, T. 1 S., R. 12 W-_     ...             

SJoSWM sec. 10, T. 2 8., R. 14 W..                     

NWi-i and WHNE 1! sec. 14, T. 2 S., R. 14 W         ... . 
S^SW^sec. 15 and SEJiSE^ sec. 16, T.2S., R. 14 W. ... ........
EHSW'Ji and SW^SEM sec. 16, NE^NWM sec. 21, T. 2 S., R.

14 W. 
SE^NEi/4 and NEJ^SEH sec. 17, T. 2 S., R. 14 W._ .._.     
SW^NW^ sec. 26, T. 2 S., R. 14 W..               
NW!/4SW l/4 sec. 28, T. 2 S., R. 14 W                
SH8W14 and SWJ^SEH sec. 35, T. 1 S., R. 14 W.....    ... ... -

NEJiNEli sec. 25, T. 1 N., R. 12 W               
NE}|NEJ| sec. 25 and SEMSEM sec. 24, T. 1 N., R. 12 W     
EJiNW1̂  and NWMNEK sec. 21, T. 2 8., R. 14 W  ...    ....

NW&SWJi sec. 27, T. 2 S., R. 14 W.                  -
W^NWJi sec. 21, T. 2 S., R. 14 W......    -            

NE^NEi^ sec. 17, T. 2 S., R. 14 W              
EfiSJi sec. 1, T. 2 S., R. 14 W..        ...        .   ... ...
SWKNWK sec. 15 and SEKNEK sec. 16, T. 2 S., R. 14 W. .._-..

SWMSEK sec. 15, T. 2 S., R. 14 W...       .           

NEMSWM and NWMSEJ4 sec. 9, T. 2 S., R. 14 Vf.. .............

SWJCNTE^ sec. 25, T. 1 N., R. 12 W                   

NEMNEM sec. 16, T. 2 S., R. 14 W                
NEMSEM sec. 24, T. 1 N., R. 12 W                   .
SWKSEJ-i sec. 11, T. 2 S., R. 14 W..--                 -

SWKSWK sec. 12, T. 2 S., R. 14 W~                   

SWJ4SEM sec. 35, T. 1 N., R. 12 W               
W^NE^ sec. 2, T. 1 S., R. 12 W                   
NWKNEUsec. 22, T. 2 S., R. 14 W-_   ----- _-. - .... .   .
SEMNW^i sec. 2, T. 1 S., R. 12 W                   
NE^NEli sec. 3, T. 2 S., R. 14 W                    

SWMNE^ sec. 27, T. 2 S., R. 14 W                    
NW^SWii sec. 24, T. 2 S., R. 14 W                
EMSE^ sec. 25, T. 1 N., R. 12 W                     -
NW^SEl^ and S^SEK sec. 12, T. 2 S., R. 14 W-          

WMsSEM sec. 25, T. 1 N., R. 12 W_                     
SWMNWMsec. 9, T. 1 S., R. 12 W       ---   - --------

SWKNEii sec. 25, T. 1 N., R. 12 W..      ....................
NEJ4SWK sec. 28, T. 2 S., R. 14 W    ....             ..

*Unnumbered mines opened after completion of field mapping, July 1945, not shown on map, plate 1. (VS) indicates vertical shaft.
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location, principal operating company, periods of activity, so far as known, and operating status as of July 1, 1949 Continued

Principal operating company

__ do_ __ __________ __ __ ___ ______

Republic Mining and Manufacturing 
Co.

  do. __         _ ._      ___
American Cyanamid and Chem. Corp .

   do-                     
  do            -  
   _do_                -    
_._ _.do__                __
.....do-..                .

_____do  _     -       -  

Taff, Fleming, Dryden, & MeWorkman_

Republic Mining and Manufacturing 
Co. 

._. do,. ______ _--          ... ...
  do..-.              
  -.do__     ...              

  -.do.. ________________________________
   _do._     _  _            
____.do.. ________________________________

_.  do..   _   _             
_.__. do.. ______ ________________________
Republic Mining and Manufacturing 

Co.

Republic Mining and Manufacturing 
Co.

Republic Mining and Manufacturing 
Co.

American Bauxite Co _ .. . . . .

Republic Mining and Manufacturing 
Co.

Superior Bauxite Co. ... ....
Republic Mining and Manufacturing 

Co.

American Bauxite Co _ _ __________
Dulin Bauxite Co____ ___ __ _____ ___

_____do. .                      

Dulin Bauxite Co_____ _ ___ __ _ __
____.do. _________________________________
American Bauxite Co._ ... .

Alcoa Mining Co.. . .

Republic Mining and Manufacturing 
Co. 

  do    ______________________________
American Cyanamid and Chem. Corp_
Kenark Mining Co _.. __ ...... _ __

Arkansas Bauxite Stripping Co _

J. P. Wright    _-____    _ _.___.____
Wells Mining Co.. ....... .._....._. _ _
Crouch Mining Co.. ..
Republic Mining and Manufacturing 

Co.

Periods of activity

Before 
1910

?

X

1910-19

X

X

X

X

1920-29

X

X

X

X

X

1930-39

X

X

X

X 

X

X

X

X

X

X

X

X

1940-49

XXX XXXXX XXX XX XX

X 

X

X

X 
X 
X

X 
X 
X

X 
X 
X

X

X

X

X

X 
X

X

X 
X

X 
X

X

X 
X 
X 
X

X 
X

X 
X

Status on July 1, 1949

.. do.    

   do            -

___.do__._ ______________
_____do __________________

___ .do        
__. .do  -.   .-   
  do         

-  do         
_____ do___ _______________

_____do__._ _______________
  ..do ..    ... ... ...

_____do_  __ ___________

_____do_       ______
   .do  -..       _  
   do      -     

_____do__________-_-____-_

__-__do__. ________________
Not operating

  do ..       

   .do  -.         

-__-_do___________________

____.do__._ _______________

Remarks

Later became part of Dixie No. 3 mine.

Very little mining because of high iron content. 
Underground workings at north end.

Part of Ratcliffe pit area. 
Do.

Continuous with Rauch Estate pit mine.

Now owned by Reynolds Mining Corp.

Partly stripped but not mined. 
Older pit workings, inclines to Neilson.

See also Church mine. 

Stripped but not mined.

Opened by Arkansas Bauxite Corp. 

Mined through Vinson-Hoffman shaft.

Shaft of the Hurricane Creek mine group. 

Opened by Vaughn and Hurley. 

See also Dixie No. 3 mine.

fUnnumbered mines; sites obscured by later workings or not located.
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USES AND GRADES OF ARKANSAS BAUXITE

Most of the bauxite mined in Arkansas has been for 
metallurgical purposes. Lesser amounts have been 
produced for the abrasive, refractory, chemical, oil- 
refining, and cement industries.

Bauxite mined in Arkansas before World War II 
averaged about 58 percent A1 2O3 and 6.5 percent SiO2 
(MacPherson, 1945, p. 5). Metal-grade ore at this 
time generally was limited to ore containing less than 7 
percent silica. Bauxite containing more than 7 percent 
silica was discarded or left unturned, except in some 
instances where it was used for chemical-grade ore. 
Deposits mined before the war were principally those 
near the surface and at high elevations. Large parts 
of these were comparatively low in ferrous iron, either 
through oxidation to ferric iron or because the original 
siderite content was not excessive.

Freshly mined bauxite contains 5-20 percent moisture 
depending upon its porosity (Mead, 1915, p. 39). 
This moisture averages about 15 percent and is in addi 
tion to the combined water in the hydrated minerals 
that comprise the rock. The freshly mined bauxite is 
known as wet or raw ore. Bauxite commonly is dried 
by heating it to temperatures that range from 100° to 
140°C in rotary kilns. Much ore for chemical and for 
metallurgical use is prepared in this way. For other 
purposes the ore is calcined, that is, nearly all the 
combined water in the bauxite is driven off by heating 
it to fairly high temperatures (about 600°C). When 
heated to about 500°C the calcining is incomplete but 
the adsorptive properties of the rock attain a maximum. 
Highly adsorptive rock prepared in this manner is 
known as activated bauxite. Each of these types of 
bauxite, containing different amounts of water, has its 
own specific uses in several industries.

The specifications for Arkansas ore required for 
industry differ considerably, as shown in the following 
table (MacPherson, 1945, p. 5):

Grades of bauxite or product. After MacPherson

Industry
Form in 

which used

_-_-_do__ . ________

Wet.. _____________

Percentage range in chemical 
content

A1.O 3

48-60 
80-85 
78-85 
52-60 
52-56 
75-80

SiO 2 
<

18 
8 
8 

13 
3.5 

10

Fe2O3 
<

13
8.5 
8.5

15 
9

TiO2 
<

4 
4.5 
4.5 
3 
4 
4

1 Calcined ores contain from 0.30 to 0.45 percent combined water.

A somewhat similar table was published by Thoenen 
and Burchard (1941, p. 35) for the prewar commercial 
grades of bauxite. It differs from the one reproduced

above in the more rigid requirements for metallurgical- 
grade ore and, to a lesser extent, for chemical ore.

The bauxite used in the manufacture of alumina and 
aluminum generally is dried if it is to be shipped to an 
alumina plant outside the bauxite region, in order to 
reduce shipping costs. Bauxite processed r,t the local 
Hurricane Creek alumina plant is delivered wet. The 
improved Bayer process for the manufacture of alumina 
and the auxiliary lime-soda-sinter process to extract 
additional alumina from the red mud residue of the 
Bayer process settling tanks have been described by 
Gould (1945, p. 796-802). The Bayer and other 
processes for producing alumina from bauxite and the 
electrolytic process for the reduction of alumina to 
aluminum are described by Edwards and Mason (1930, 
v. 1, p. 124-335).

Fused-alumina abrasives are used in grnding and 
polishing steel and other metals, because of their 
properties of hardness, toughness, and mode of fracture 
(Knibbs, 1928, p. 121). They are sold under several 
trade names. Ore for the abrasive industry should be 
moderately low in silica, iron, and titania content. 
Upon the amounts of these impurities defend other 
properties, including color of the finished product and 
the amount of ferro-silicon formed (and removed) during 
processing. Once a satisfactory abrasive has been 
prepared, the problem becomes one of uniformity, in 
grain and color, in duplicating this product.

Some metallurgical grades of bauxite can be beiie- 
ficiated to attain abrasive quality. Two simple 
processes have been used in Arkansas with some success. 
The first is employed where gibbsite is concentrated 
in hard pisolites in a soft clayey matrix. The ore is 
merely washed and screened to separate the hard 
pisolites from the soft clay. The second is applicable 
to soft crumbly bauxite low in silica but containing 
considerable siderite. This material is roasted in a 
gas flame to oxidize the iron which is tl en largely 
removed by magnetic separation.

Bauxite for refractory bricks or blocks is preferably 
low in silica and has a moderate iron oxide and titania 
content. The iron content depends upor the tem 
perature at which the refractory will ultimately be 
used. High-alumina refractories, made chiefly from 
bauxite, bauxitic clay, cliaspore, or high-alumina 
clay are much cheaper than fused alumina refractories. 
These high-alumina refractories contain p.t least 58 
percent of alumina (Fox, 1932, p. 213). Great care 
has to be exercised during manufacture in adequately 
shrinking the bauxite by heating it to temperatures 
between 1,400° and 1,600°F, by properly grading the 
crushed preshrunk bauxite aggregate, by using the least 
possible quantity of bonding material (usually kaolin 
or bentonite), by pressing the crushed rock into blocks
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with as few voids as possible, and by firing at an ade 
quately high temperature (Knibbs, 1928, p. 93-100). 
If properly prepared, the bauxite and high-alumina 
blocks are highly refractory, retain considerable 
strength at high temperature, and are resistant to 
basic slags.

The principal requirement for bauxite used in the 
chemical industry is a low iron content (less than 2.5 
percent of total iron expressed as Fe2O3 ). From this 
ore a number of salts of aluminum are prepared, notably 
aluminum hydroxide, sodium aluminate, aluminum 
chloride, aluminum sulfate, and commercial alum (Fox, 
1932, p. 199-203). In recent years the use of Arkansas 
ore for chemical purposes has decreased somewhat; 
much of the chemical ore now comes from Georgia and 
Alabama deposits.

Activated bauxite is used in the oil refining industry 
for filtering, decolorizing, and desulfurizing certain 
petroleum products (Fox, 1932, p. 206). Highly ad 
sorbent, it has the advantage over most similar agents, 
such as alumina or fuller's earth, because it is compar 
atively hard and is suitable for use in a granular form 
(Knibbs, 1928, p. 102). Some types of bauxite when 
activated are well suited for purifying gasoline, others 
for purifying kerosene, and still others for lubricating 
oil. Why this is so and what property or properties of 
bauxite govern its suitability, are at present unanswered 
questions. Bauxite suitable for thermal activation 
must have a high alumina content, a low iron content, 
the proper physical structure as to strength and re 
sistance to attrition, and certain specific adsorptive and 
catalytic properties (King, Laughlin, and Gwyn, 1944, 
p. 239). Activated bauxite originally intended as an 
adsorbent for lubricating oil, was used chiefly during 
World War II in the catalytic alkylation of 100-octane 
gasoline. The ore treated in the plant of the Porocel 
Corp. at Berger, Ark., is first heated to temperatures 
between 250° and 350°F which leaves about 30 per 
cent water in the rock. It is crushed and screened and 
then thermally activated by incomplete calcination at 
temperatures between 700° and 1,000°F depending 
upon the intended use. The company also produces 
activated bauxite impregnated with aluminum chloride, 
which is used as a catalyst in the isomerization of 
butane.

A small amount of bauxite is employed in the manu 
facture of aluminous cement, a calcareous hydraulic 
cement containing a little silica and a high percentage 
of alumina (Knibbs, 1928, p. 70). Although costly to 
manufacture and at present less in demand than here 
tofore owing to improvements in ordinary portland 
cements, aluminous cement is still preferred for some 
purposes because of its rapidity in setting and attain 
ing full strength and its resistance to deterioration in

sea water and in soils containing sulfate salts (Fox, 
1932, p. 204-206).

During World War II, the War Production Board es 
tablished three standard grades, based on the silica 
content of the bauxite:

1. Low silica, restricted, contains less than 7 percent silica. 
This ore was allocated for metallurgical and abrasive uses.

2. High silica, restricted, contains from 7 to 15 percent silica. 
This ore was allocated for sale to Government stockpiles 
for use in the modified Bayer process plants.

3. High silica, unrestricted, contains 15 percent or more silica. 
No restrictions were placed on this bauxite.

The Metals Reserve Company established a scale of 
prices, with penalties and premiums for alumina below 
and above 50 percent and for silica above and below 
13 percent.

RESERVES

The first attempt to assess the reserves of the bauxite 
region was made by Hayes (1901, p. 468-470, pi. 61). 
He limited his estimates to what we know now as the 
residual or type 1 deposits associated with the Saline 
dome. The estimates were made from field observa 
tions and geologic inference as to the extent and thick 
ness of the bauxite underlying Tertiary sediments. 
The total, which he itemized by areas, reached an 
aggregate tonnage as follows:

Tons 
Total amount estimated in outcrops._____________ 6, 601, 500
Total amount estimated under cover.____________ 43, 711, 200

Grand total---------.------------------. 50, 312, 700

The estimate of Hayes was criticized as being grossly 
in excess of proved reserves. The rigid limits as to 
silica content of the ore in the early days, coupled vith 
limited exploration, limited the known bauxite of com 
mercial grade to a few million tons ahead of production. 
Hayes' estimate can now be reappraised after more than 
40 years of mining in the Saline dome area, which has 
yielded nearly three-fourths the commercial bauxite 
produced in Arkansas. An approximate estimate of its 
total output through 1949 is between 24 and 26 million 
long tons of crude ore. It must be remembered also 
that all the ore in a bauxite deposit cannot be recovered. 
The proportion that can be extracted varies with mining 
methods used and may be as low as 50 percent o" as 
high as 95 percent. Considering these facts, the lack of 
drilling data, and the relatively few exposures and mine 
workings available to him, Haves' original assessment 
of the reserves in this area was a good overall estimate.

The total reserves of the bauxite region, in addition 
to the ore remaining in the area considered by Hayes, 
include ore bodies in type 2 deposits surrounding the 
Pulaski, Bryant, and Saline nepheline syenite hills, and 
in associated type 3 deposits in Pulaski County and
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type 4 deposits in Saline County. The last two types 
account for a very small part of the total. A few thou 
sand tons can also be accounted for in remnants of type 
1 deposits in the Pulaski district.

Several appraisals of the total reserves of the United 
States, including those of Arkansas, have appeared in 
recent years. The principal prewar study, that of 
Thoenen and Burchard (1941) has been given in tables 
1 and 2 of this report. The estimate was low, reflecting 
only the known reserves at that time.

A tabulation of reserves, as of 1944 while the govern 
ment drilling was still in progress, was made by Bridge, 
Dorsh, and Weitz (1947, p. 223). This estimate was 
based in large part on the results of the Federal drilling 
program, including drill-hole information provided by 
all the operating companies. Data as to grade of ore 
were only approximate in most of the company informa 
tion. For this reason, the writers believe that the 
tonnage estimates of Bridge, Dorsh, and Weitz are on

the generous side for each average grade of Arkansas 
ore cited in their table (Bridge and others, 1947, p. 
223). The figures probably represent more closely the 
total ore containing more than 32 percert available 
alumina that can be obtained by blending lowT-grade, 
high-silica and high-iron bauxite containing less than 
32 percent available alumina with the adjacent high- 
grade ore.

The present estimates of the total reserves of the 
Arkansas bauxite region, given in table 15, are admit 
tedly conservative. Whereas the tonnages of Bridge, 
Dorsh, and Weitz were computed at 20 cubic feet per 
ton, those in the table 15 were computed at 22 cubic 
feet per ton. Both ratios are reasonable: high-grade 
bauxite in places has a density of 23 cubic feet per ton; 
low grade, a density of 19 cubic feet per tor; the baux 
ite of highest density is that in whicn siderite fills the 
pore spaces. Between 40 and 50 percent of the total 
ore is believed to contain more than 6 percent ot FeO.

TABLE 15. Bauxite reserves of Arkansas as of January 1950, by districts, in millions of wet long tons

Mining district

Pulaski

Saline

Total _ _______

Grade of
ore i

1
2
3

1 
2
3

1
2
3

Average content (in 
percent)

A12 O3

59 
52
50

59 
52
50

59 
52
50

Si0 2

6 
10

9

6 
10

9

6 
10

9

Reserves in deposits 8 feet or more thick

Measured

4.
6. 4

33
14. 7 

38
21. 1

Indicated

3
1. 5

. 9
46. 9 

2
48. 4

Inferred

(2)

0. 1
2

. 6
1. 0

. 7
1. 2

Total

0. 1 
4. 4
8. 1

4. 0-5. 5 
34. 5
62. 6

4. 0-5. 5 
38. 9
70. 7

Reserves in deposits 5 feet or more thick

Measured

5.
8. 8

42
18. 6

48
27.4

Indicated

C2) 
9

2. 0

. 1
57. 9 

. 0
59. 9

Inferred

0. 2
. 3

. 7
1. 3

(2)

. 9
1. 6

Total 3

0. 1 
6. 1

11. 1

5. 0-6. 3
42.8
77. 8

5. 0-6. 3 
48. 9
88. 9

1 Specifications:
Grade 1. Prewar not more than 7 percent of SiOz; not more than 3 percent of FeO.

2. War Production Board requirements not more than 15 percent of SiO2; not more than 6 percent of FeO; not less than 40 percent of AljOs; rnd not less than 
32 percent of available alumina.

3. Same as grade 2 but no restriction as to iron content. The tonnage listed under each specification is cumulative; that is, grade 2 includes g-ade 1, and grade 
3 includes grades 1 and 2.

2 Data not available for making separate estimates.
s Totals of reserves in deposits 5 feet or more thick include totals in deposits 8 feet or more thick.

The present estimate also excludes a large tonnage of 
bauxite mostly on the western side of the Saline dome, 
that is known from drillers' logs, but for which no 
information as to grade was available at the time the 
Bridge, Dorsh, Weitz estimate was made. Later 
information has indicated that most of this rock con 
tains less than 32 percent available alumina. Lastly, 
the 6,642,000 tons produced from 1945 through 1949 
and the estimated wastage that accompanied this 
production has been taken into account.

In the table 15, 70.7 million tons at the beginning of 
1950 is believed to be a reasonable estimate of the ore in 
place, miiiable under the same emergency conditions 
that prevailed during World War II. Not all of this 
ore can actually be recovered, however. No table of

recoverable bauxite reserves such as the one published 
by Bridge, Dorsh, and Weitz (1947, p. 224) is given 
here. Their table was calculated on a mined and dried 
basis on the assumption that 85 percent of the material 
in the ground can be mined where open-pit methods 
are used, 65 percent where underground mining must 
be employed, and that 15 percent of the weight is 
water lost on drying. If the same ratio of recoverable 
ore to ore in place used by Bridge, Dorsh, and Weitz is 
applied to the 70.7 million tons cited above, a total of 
about 46 million tons of recoverable ore on a mined and 
dried basis can be estimated to remain in the bauxite 
region.

Most of the reserves remaining in Pulaeki County 
are in small deposits. In this county, as of January



ECONOMIC GEOLOGY 169

1950, nearly all the deposits originally containing 
more than 500,000 tons of bauxite in place are being 
mined or have been almost completely exhausted. 
Only one ore body with known reserves slightly in 
excess of 500,000 tons in place has not yet been 
exploited. In Saline County, on the contrary, a major 
part of the reserves are in deposits that exceed one 
million tons of bauxite in place.

FUTURE PRODUCTION

The Arkansas bauxite region has yielded about 93 
percent of the bauxite mined in the United States. 
Geologic studies have shown that the climatic conditions 
under which the bauxite formed were widespread in 
this country, though confined to a relatively limited 
part of geologic time. Bauxite formed, principally 
during Wilcox time, at many localities in the south- 
central and southeastern United States. Much of it 
has been dissipated by subsequent erosion and by 
further alteration.

Central Arkansas is the only known region in the 
United States where it can be demonstrated that bauxite 
formed in place from crystalline igneous rocks relatively 
high in alumina. This factor is believed to be the most 
direct cause of the concentration of our domestic ore in 
this region.

Any search for new important reserves in this part 
of the country, therefore, should be directed along two 
principal lines: (1) investigation of unexplored areas 
above or adjacent to the known buried hills of igneous 
rock, and (2) a search for other masses of igneous rock 
rock that were exposed to weathering during late 
Midway to early Wilcox time and have been protected 
from intense erosion since then. Nearly all the hitherto 
unexplored areas fringing the known masses of nephe- 
line syenite have been investigated and a large tonnage 
has been discovered. The geophysical program of the 
U. S. Bureau of Alines and the sinking of 60 deep 
drill holes to explore the more deeply buried parts of 
the Little Rock igneous complex failed to disclose any 
additional large masses of iiepheline syenite that pro 
trude above the surface of the Midway sediments and 
hence were exposed to weathering during Wilcox 
time. Moreover, geologic investigations of the Mid 
way and Wilcox contact in southwest Arkansas be 
tween the bauxite region and the Texas border by W. 
H. Monroe and L. W. Stephenson and geophysical 
traverses did not disclose any additional bauxite 
deposits or buried bodies of igneous rock.

The results of the wartime investigations strongly 
indicate that bauxite in central and southwestern 
Arkansas is limited to the known masses of nepheline 
syenite in Pulaski and Saline Counties. The writers

believe that drilling in these counties already has dis 
covered most of the significant bodies of ore, because 
nearly all the favorable areas have now been explored. 
Future drilling will no doubt discover additional 
deposits, for the most part near those already known. 
It is believed that the reserves of bauxite that remain 
to be discovered in these counties will not exceed 10 
percent of the gross tonnage of those already known.

DESCRIPTION OF THE BAUXITE DEPOSITS AND
MINES

Deposits and mines of the two main districts of the 
Arkansas bauxite region are described separately. 
The Pulaski and Saline mining districts are the two 
productive centers; the nonproductive area between 
them was also investigated. Each of these distrcts, 
for purposes of convenience in description, has b Qen 
further subdivided into smaller areas delimited by 
prominent topographic features of the post-Midway 
erosion surface, but identified in name with geographic 
localities on the present land surface. Eight subdivi 
sions are in the Pulaski mining district, 4 in the non 
productive area to the southwest, and 10 in the Saline 
mining district.

The bauxite deposits have been described in general 
from northeast to southwest because this was the 
general direction and sequence of the exploration work 
followed by the Federal drilling program. The U. S. 
Bureau of Mines report on the results of this drilling, 
published in 1948 (Malamphy and others 19<<-8), 
followed the same general arrangement. In the U. S. 
Bureau of Mines report 14 half township maps and 77 
detail maps give locations and numbers of all the holes 
drilled, except a few deep holes drilled to test the geo 
physical anomalies, and these are shown in an addi 
tional small scale map. The township maps show 
surface and subsurface contacts of the principal rock 
units as mapped by the Geological Survey. Chemical 
analyses of samples from the cores in the drill holes and 
brief lithologic descriptions that summarize detailed 
logs made by geologists are also given.

This publication has been designed to interpret 
and to supplement the data contained in the U. S. 
Bureau of Mines report. For each bauxite deposit 
drilled by the Federal Government reference has 
been made to the pertinent pages and location maps 
in the U. S. Bureau of Mines report. To aTroid 
obscuring the ore body maps on the following pages 
the numbers of drill holes have been omitted, except 
for those used in the detailed cross sections, or men 
tioned in the text. The numbers of the other holes, 
if desired, can be found on the maps in the U. S.
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Bureau of Mines report. Where possible, the names 
of bauxite deposits used in the U. 8. Bureau of Mines 
report have also been used in this publication.

Much of the supplemental material in this report 
comes from drilling data provided by all the companies 
that have operated in the bauxite region from 1940 to 
1950. This information, supplemented by field ex 
amination, has made it possible to give at least a brief 
description of each company-explored and developed 
deposit, as well as those investigated by the Federal 
drilling program. As a result, this is a comprehensive 
report on all known bauxite deposits in the central 
Arkansas region.

Detailed logs of the holes drilled by the Federal gov 
ernment in the bauxite region are on file in the office of 
the State Geologist at Little Rock, Ark., and in the 
library of the U. S. Geological Survey at Washington, 
D. C/

PULASKI MINING DISTRICT

The bauxite deposits that constitute the Pulaski 
mining district are associated \\ ith the Pulaski nepheline 
syenite mass (the Pulaski high). This has also been 
called the Granite Mountain district (Hayes, 1901, 
p. 454-459) and the Sweet Home area (Bramlette, 
1936). The nepheliiie syenite rocks are exposed in an 
extensive outcrop on Granite Mountain (sometimes 
called Fourche Mountain), 2 to 5 miles south of Little 
Rock, in Pulaski County. Bauxite and kaolin rocks are 
limited to the eastern, southern, and part of the western 
flanks of this nepheline syenite mass. The eastern 
limit of the district is about 2 miles northeast of the 
town of Sweet Home. From here the scattered deposits 
form a sinuous band that trends about S. 35° W. for 
8.7 miles; then bends sharply northward, trending about 
N. 10° W., 3.6 miles to the settlement of Berger. The 
total area along this strip is about 7 to 8 square miles.

The geologic locus of distribution of the deposits is 
the buried edge of the sediments of the Midway group 
where they wedge out against the nepheline syenite. 
Nearly all the ore bodies are within a quarter of a mile 
of this line, some lying over the nepheline syenite, others 
above the Wills Point formation, and several over the 
Kincaid formation in places where the overlying Wills 
Point formation was removed by erosion before deposi 
tion of the Berger formation.

Some of the bauxite deposits crop out at the surface 
along the edges of the nepheline syenite outcrop, but 
most of them are buried beneath an overburden of 
Eocene continental sediments (of the Wilcox group) 
that include sand, clay, and lignite beds. This over 
burden generally becomes progressively deeper south 
ward and the southernmost buried deposit is covered 
bv about 430 feet of continental beds.

For convenience in describing the deposits, the 
Pulaski mining district has been divided into eight 
geographical areas (fig. 58), as follows:

1. Picron Hill area. The easternmost extremity of the Pulaski 
nepheline syenite mass, including a single bauxitic outcrop 
and deposit in sec. 17, T. 1 N., R. 11 W.

2. Sweet Home embayment. A deep concave bow in the edge 
of the nepheline syenite, including the deposits in sees. 19, 
20, and 30, T. 1 N., R. 11 W., and sees. 24 and 25, T. 1 N., 
R. 12 W.

3. Woodyardville area. A shallow embayment in the edge of 
the nepheline syenite, including the deposits in sees. 35 
and 36, T. 1 N., R. 12 W. and sees. 1, 2, and 11, T. 1 S., 
R. 12 W.

4. Ironton area. Eastern flank of the buried southward exten 
sion of the nepheline syenite maRS, includirg deposits in 
sees. 10, 14, 15, and part of sec. 22, T. 1 S., P. 12 W.

5. Jennings Lake area. Western flank of the buried southward 
extension of the nepheline syenite mass, including deposits in 
sees. 16, 21, and part of sec. 22, T. 1 S., R. 12 W.

6. Berger area. Western flank of the. nepheline syenite mass, 
including the deposits in sees. 4, 8, 9, and the northern part of 
sec. 16, T. 1 S., R. 12 W.

7. Primrose Church basin. Includes deposits in sees. 3, 4, 9, 
and 10, T. 1 S., R. 12 W.

8. Echo Valley area. A single outcrop at the north edge of 
sec. 26, f. 1 N., R. 12 W.

PICEON HIII AEEA

At its northeasteriimost end in sees. 17 and 18, 
T. 1 N., R. 11 W., the Pulaski nepheline syenite mass is 
exposed in two separate outcrops of pulaskite. One of 
these passes through the southern part of the village of 
College Station and the other is exposed about a quarter 
of a mile to the northeast on the north slope of Picron 
Hill. The lower ground between these two exposures 
is covered with a thin veneer of sediments of the Saline 
formation. About midway between the two pulaskite 
exposures and on the east slope of Picron Hill and in 
the NE%SW%, sec. 17, is an exposure of low-grade 
bauxite several hundred feet across, the Brut on outcrop 
(pis. 1 and 2).

The post-Midway surface of the pulaskite between 
the two outcrops contains a subsurface valley that 
trends east-southeastward. The buried lip of the Wills 
Point formation lies about half a mile west of the bauxite 
outcrop and this lip bends around the end of the 
pulaskite hill in a sharp curve. The alluvial deposits 
of the flood plain of the Arkansas River, including 
Quaternary terrace deposits that fringe tre nepheline 
syenite rocks, have been laid down unconformably on 
the rocks of Eocene age. Erosion before deposition of 
these sediments probably caused the scarcity of bauxite 
in this area.

The earliest exploration in this area was by the 
Republic Mining and Manufacturing Co. in several 
test pits dug on a rectangular grid in the bauxite
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R 12 W SAL:NE co R. 11 W.

FIOURE 58. Sketch map of the Pulaski mining district showing the areas into which it has been subdivided for the purpose of describing
the deposits.
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outcrop. The Federal drilling program disclosed the 
minor deposits described below.

BRUTON AND BRUTON EXTENSION DEPOSITS

Plate 2

The Bruton and Bruton Extension deposits (Malam- 
phy and others, 1948, v. 2, p. 4-16, figs. 32, 33) lie 
in the SWX sec. 17, T. 1 N., R. 11 W., about 3 miles 
east-southeast of the central part of Little Rock and 
half a mile northeast of College Station. The deposits 
were prospected by 19 drill holes on Alcoa property 
and 23 on property of B. T. Hams to the east. The 
only minable ore lies at the south edge of the outcrop 
in a small body a few hundred feet long. The bauxite 
is pisolitic, yellow to tan, locally stained orange. It 
is hard in some places, soft and clayey in others. The 
upper part is pebbly with patches and stringers of 
kaolin and may be in part reworked. Cavities filled 
with siderite are in the lower part. Most of the bauxite 
is low grade. The overburden, 2 to 18 feet of gray 
clay, sand, and gravel, probably belongs to the Saline 
formation. The outcrop and minable bauxite are 
situated at the upslope end of a valley cut into the 
syenite and represent an accumulation of bauxitic 
colluvium (type 2 deposit) at the base of a steeper slope.

About 500 feet southeast of the ore body, in USBM 
drill hole 18-259E, about 12 feet of tan to brown 
pebbly pisolitic bauxite of Berger age (type 3 deposit) 
was found at a depth of 20 feet, lying above 1 foot of 
lignite and carbonaceous clay. A minable thickness of 
bauxite was not found in adjacent drill holes.

About 600 feet farther east, 8% feet of low-grade 
bauxite (type 2 deposit) at a depth of 35 feet was found 
in USBM drill hole 18-271. The bauxite is soft and 
pisolitic but pebbly in the upper part. This deposit, 
delimited by offset holes to the west but not to the east, 
is too small to have any commercial interest.

SWEET HOME EMBAYMENT

A large irregular embayment in the margin of the 
nepheline syenite mass surrounds the town of Sweet 
Home. This embayment extends from an outcrop in 
the, NWK sec. 20, T. 1 N., R. 11 W., west through sec. 
19, and south across sees. 24 and 25, T. 1 N., R. 12 W. 
and thence south-southeast to an isolated nepheline sye 
nite outcrop in the southwest corner of sec. 30, T. IN., 
R. 11 W. The mouth of the embayment is 2 miles wide 
along a northeast line, and the embayment is \% miles 
deep at right angles to this line. It is filled with sedi 
ments of the Wilcox group which slightly overlap the 
underlying sediments of the Midway group. The 
bauxite deposits are distributed in an arc along the 
buried edge of the Midway sediments, nearly parallel 
to the inner edge of the embayment.

The basement rock that forms the low sloping margin 
around the embayment consists principally of pulaskite. 
Several large roof pendants of metamorphic rocks of 
Paleozoic age, mostly gray quartzite and greenish 
altered shale, are in sees. 24, 25, and 36, T. 1 N., R. 
12 W. Marine sediments of the Midway group rest on 
the basement rock, and most of them are covered by 
continental sediments of the Wilcox group. A poor 
exposure of clay of the Wills Point formation crops out 
near the center of sec. 25. From this locality the 
shoreward edge of the Midway sediments extends 
northward, beneath a covering of Wilcox continental 
sediments to a point near the center of the SE%NE% 
sec. 24, T. 1 N., R. 12 W.; the Midway then trends 
eastward across the north half of sees. 19 and 20, 
T. 1 N., R. 11 W.

In general the buried post-Midway erosion surface 
of the nepheline syenite dips steeply to its contact with 
the surface of the Wills Point formation, which has a 
more gentle gradient. The bauxite-kaolin zone thins 
abruptly upslope from the buried Midway r,nd nephe 
line syenite contact. Some of the largest outcrops of 
bauxite and bauxitic clay in the Pulaski mining dis 
trict fringe the embayment.

Most of the bauxite in the deposits is pisolitic and 
appears to have been transported to its present posi 
tion. The bauxite deposits are large accumulations, 
type 2 deposits as much as 60 feet thick, mort of which 
have moved downslope as colluvium and have been 
deposited at the edge of the Berger formation, where 
they were further bauxitized.

Scattered on top of, or just downslope fron: the larger 
ore bodies are stratified, crossbedded, pebbly, or rubbly 
lenses of bauxite (type 3 deposits) that interfinger with 
gray silty clay and lignite of the Berger formation. 
Most of these lenses are small and of little or no import 
ance commercially, but one at the south end of the Rat- 
cliff e ore body, has provided all or part of the ore that 
has been mined in eight small mines.

The overburden in the area reaches a maximum of 
nearly 150 feet in thickness above the buried ore bodies 
and is composed of bauxitic and kaolinitic clay, lignite, 
lignitic clay, and gray silty to sandy clay of the Berger 
formation, overlain by brown silty to sandy clay, sand, 
and local gravel of the Saline formation. In the eastern 
part of the area, Quaternary terrace deposits, consisting 
of brown, red, and gray sandy to silty clay overlying 
gray to brown loose sand, cover the Eocene sediments.

The earliest exploratory work in the embayment 
probably was done by the Republic Mining g,nd Manu 
facturing Co. which, according to "Mineral Industries 
1917" was preparing in 1916 to open a mine near 
Sweet Home. In 1920 the company began strip-mining 
at the outcrop locality in sec. 24, T. 1. N., R. 12 W.
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The second shaft mine in the bauxite region, the 
Dixie No. 2, was begun in 1928 on an eastern exten 
sion of the same deposit. During World War II 12 
mining companies operated in this area.

FOURCHE BAYOTJ DEPOSIT

Plate 2

The easternmost deposit in the Sweet Home embay- 
ment, part of which was described by Malamphy and 
others (1948, v. 3, p. 5-16, fig. 36) as the Zuber deposit, 
lies in the SE^NEK sec. 19 and the W^NWK sec. 20, 
T. 1 N., R. 11 W., a few tens of feet below the bed of 
Fourche Bayou (pi. 2). It was discovered in 1943 by 
the Jackson and Squire Construction Co., which drilled 
about 40 holes on the Childress property in sec. 20. 
In August 1944 a minable thickness of bauxite was 
reached in USBM drill hole 18-233D on the Hall 
property of the Dixie Bauxite Co., in sec.19. Further 
drilling showed that the new occurrence was part of the 
same deposit investigated by Jackson and Squire. 
The company stripped the overburden from part of the 
deposit on the Childress property in 1944. However, 
before actual mining began, waters from Fourche Bayou 
broke through and flooded the pit, so the mine was 
never operated.

The west end of the deposit was investigated by 32 
drill holes spaced about 200 feet apart on a triangular 
grid, most of which were on the Hall property; one was 
drilled on the Zuber property south of Fourche Bayou 
in the SWKNWX sec. 20.

The deposit trends east-northeastward. It is more 
than 1,900 feet long and 300 feet wide and had not been 
completely delimited at the end of the field work in 
1945. The greater part of the deposit lies on the 
surface of the Wills Point formation near the base of a 
steep nepheline syenite slope and across a small sub 
surface valley that drained southward in early Eocene 
time. The ore body dips 5° E.

The bauxite is mostly light tan and pisolitic. The 
matrix is firm and contains considerable kaolinitic clay 
in irregular veinlets and masses surrounding the 
pisolites. The top 3 to 4 feet in places is pebbly, and 
contains pisolites with thin tan hard rims and black or 
brown cherty interiors; the pisolites in most of the 
deposit average a quarter of an inch in diameter. 
Locally there is a gray hard siliceous hard cap.

The iron content of the lower part of the deposit is 
fairly high, owing to siderite that occurs in brown to 
orange masses as much as 5 millimeters in diameter 
scattered through the bauxite.

The overburden ranges in thickness from 60 to 92 
feet over the minable part of the deposit. Berger sedi 
ments that overlie the bauxite deposit range from about 
5 to 40 feet in thickness. Lying on the eroded surface

of the Berger formation is an upper unit of very fine to 
coarse, brown to colorless quartz sand, 57 to 71 feet 
thick, that in places grades laterally into brown or 
gray, silty clay. This is probably a Quaternary ter 
race deposit at the west margin of the Mississippi 
River alluvial plain.

RATCUFFE DEPOSIT

Plate 16

The Ratcliffe deposit is the largest in the Pulaski 
mining district. It contains the North Dixie and Dixie 
Extension areas described by Malamphy and others 
(1948, p. 17-47, figs. 35, 37, 38). It lies at the north 
west corner of the Sweet Home embayment; partly 
in sec. 19, T. 1. N., R. 11 W., and partly in sec. 24, 
T. 1 N., R. 12 W. It is on Highway 65 nearly a 
mile southeast of the city limits of Little Rock. The 
buried east end of the deposit is crossed by the 
Missouri Pacific Railroad. The ore body is broad, 
thick, and almost L-shaped. The long arm of the L 
is about 4,500 feet from east to west, and the short arm 
about 3,300 feet from north to south. The west end 
of the deposit crops out extensively along Highway 65. 
A smaller outcrop of bauxitic clay and low-grade bauxite 
north of the Dixie No. 2 mine is not directly connected 
with the ore body.

The deposit lies in an area where detritus has collected 
in considerable thickness since early Kincaid time. 
Several holes drilled through the bauxite-kaolin zone 
cut through as much as 70 feet of claystone conglom 
erate and fragmental clay, which apparently is part of 
the alluvial apron deposited along the flanks of Granite 
Mountain in Kincaid time. The Wills Point formation 
is present beneath the eastern part of the deposit. 
Elsewhere Berger fragmental clays lie directly upon 
debris of Kincaid age. A few feet of typical dark gray, 
khaki-colored, and red clay of Wills Point age was 
reached in USBM drill hole 18-331 north of the ore body 
and indicates that the Wills Point formation once ex 
tended farther shoreward but was partly stripped out 
before deposition of the Berger sediments.

The Ratcliffe ore body lies near the head of a sub 
surface valley, at the base of a steep syenite slope 
drained by a half dozen minor tributary valleys. It 
is thickest toward the upper end generally along the 
northern part of the ore body. C. Jessup of the Alcoa 
Mining Co. reported a maximum thickness of 42 feet 
of ore in the northern part of the Ratcliffe pit, and 
W. G. Hall of the Dixie Bauxite Co. called the writers' 
attention to a thickness of 60 feet of high-grade ore 
not far from the main shaft of the Dixie No. 2 mine. 
The highest grade bauxite occurred in these thicker 
areas. In the Dixie No. 2 mine the ore body dips to 
the south about 40 feet in 500.
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The deposit is a composite of colluvial (type 2) 
bauxite locally overlain by alluvial (type 3) bauxite. 
The approximate areal distribution of both types is 
shown in plate 16. The bauxite in the lower body is 
pisolitic, massive, indurated in some places, soft and 
mealy in others, and rich tan to grayish tan. The 
pisolites average 6 millimeters in diameter and are 
fairly soft. The silica content is low in the center of 
the ore body; and high at the top and bottom or beneath 
lignite and clay lenses. The lower part of the bauxite 
contains a large amount of siderite locally in brownish 
to purplish granules and crystals.

The upper bauxite lens is bedded, in many places well 
sorted, and distinctly stratified (fig. 24); locally it is 
crossbedded. The largest area of stratified bauxite is at 
the southwest end of the deposit and extends for nearly 
1,700 feet south-south westward beyond the edge of the 
underlying colluvial ore body. At its north end, this 
lens of stratified bauxite rests directly upon the non- 
stratified bauxite (fig. 59), but a little farther south, in

9. Ratcliffe mine, Pulaski County. Working face, October 1948, in south 
ern part of Alcoa Mining Co. pit, looking northwestward. Harder 5-foot tapering 
bed at top below shacks is stratified bauxite; thicker bed below is massive pisolitic 
bauxite.

the southern part of the Ratcliffe pit a wedge of silty 
clay and lignite of the Berger formation separates the 
two beds. The upper part of the stratified bed is in 
durated and ferruginous. It is filled with hard cherty 
masses and veinlets of kaolinite, and grades upward into 
gray kaolinitic clay containing pebbles of hard pisolitic 
bauxite. The stratified bed in this part of the deposit 
has been mined in the southern part of the Katcliffe pit, 
as well as in the Thorpe, Borough, Morgan, Keenzel, 
England, Harley, and Dixie Lease pits (pi. 16).

Along th e north border of the stratified lens described 
above, the surface of the deposit was cut by a channel 
50-100 feet wide and a few feet deep, that extends 
northeastward across the deposit. This is shown in the

sketch map and section (pi. 16). It was reported filled 
with lignite, probably of the Berger formation. Alluvial 
bauxite occurs also east of the Missouri Pacific Railroad 
tracks and in the area surrounding the Dixie No. 2 
shaft.

Twelve mines in the Ratcliffe deposit, described 
briefly on the following pages, are shown on the sketch 
map (pi. 16) as of the early part of 1945.

Dixie No. 2 shaft mine (pi. 1, no. 2) . The eastern part 
of the Ratcliffe ore body has been mined by under 
ground workings in the S&NW& theSW#NE#, and the 
NKSWK sec. 19, T. 1 N., R, 11 W. The mine has a 
vertical two-compartment shaft, 152 feet deep, and was 
originally worked on 2 levels, at 87 and 122 feet (Bran- 
ner, G. C., 1935, p. 123). The ore body, which dips 
about 5° S. was mined by a series of overlapping levels.

The part of the deposit that lies in sec. 19 was dis 
covered in 1928 by P. A. Dulin, and the shaft was 
started that year. Mining, which started in 1929, ex 
plored the northern part of the ore body where the 
bauxite reached a maximum thickness of 60 feet, and 
where the highest grade of abrasive ore was found. 
Until 1942 the mine produced only abrasive and chemi 
cal ore. The mine was connected by a switch with the 
Missouri Pacific Railroad where an oil-burning calciner 
and a dryer were installed. The calciner was dismantled 
in the fall of 1942 and high-grade metal ore was pro 
duced during World War II. During this time the 
southern part of the ore body was worked, in addition to 
bauxite that lay beneath caved areas where abrasive ore 
had already been mined. Toward the close of 1944 the 
mine was sold to the Dulin Bauxite Co., which produced 
some metal and abrasive ore in 1945 and 1946.

Much of the bauxite in this ore body, which is all 
pisolitic, contained 51 to 58 percent alumina and 3.3 to 
7.9 percent silica. The iron content, reported as Fe2O3, 
generally ranged from 2 to 13 percent, most of which is 
ferrous iron. A large amount of bauxite high in iron 
content was left in caved areas below mined ore.

Drilling near the Dixie No. 2 mine. Additional drill 
ing was done by the Federal government to delimit that 
part of the Ratcliffe deposit that lies in sec. 19. Sixteen 
holes were drilled north of the Dixie No. 2 mine but no 
additional minable ore was found (Malamphy and 
others, 1948, v. 3, p. 42-47,fig.38 under the title, "North 
Dixie deposit")- Fifty-eight more holes were drilled by 
the U. S. Bureau of Mines along the south side and at 
the east end of the deposit (Malamphy and others, 
1948, v. 3, p. 17-41,fig. 37, under the title, "Dixie Exten 
sion deposit)." A minable thickness of bauxite was found 
in several of these drill holes, though some of it was 
high in ferrous iron.

Ratcliffe open-pit and underground mine (pi. 1, nos. 3, 
5}. The Republic Mining and Manufacturing Co.



PULASKI MINING DISTRICT 175

began open-pih mining; in 1920 (U. S. Geol. Survey,
1921. p. 32) in the northwestern part of the ore body, 
on the W. A. Ratcliffe lease, SE#NE# sec. 24, T. 1 N. 
R. 12 W. The mine was closed for a brief period to 
ward the end of 1920 and in 1921 (U. S. Geol. Survey,
1922. p. 66), then was operated continuously until 1930 
when Republic Mining and Manufacturing Co. merged 
with the American Bauxite Co. and the Saline County 
deposits only were exploited. In 1935 strip-mining 
was resumed and shortly afterward the eastern part of 
the Ratcliffe property was mined by means of under 
ground workings that opened from the main pit. The 
underground mining was terminated in December 1942. 
During World War II pit-mining was greatly expanded, 
south of the Ratcliffe lease where stratified pebbly 
bauxite directly overlies massive pisolitic bauxite. 
Since the war mining has been continued by the Alcoa 
Mining Co.

The overburden that has been stripped ranges from 
less than a foot at the northwest end of the pit to 
nearly 50 feet at the southeast. The overburden above 
the underground workings ranges from 18 to 104 feet 
and averages about 65 feet.

The mine is connected by a small company railroad 
with the nearby Drury calcining plant of the Aluminum 
Ore Co., to whom the ore is sold. Much of the bauxite 
from the Ratcliffe mine has been used in the manufacture 
of abrasives because of its high quality.

The mine was called the Sweet Home mine in the 
U. S. Geological Surrey "Mineral Resources" for 1929 
and 1930 and in the U. S. Bureau of Mines "Minerals 
Yearbook 11 for 1936; also as the "Drury mine" in the 
"Minerals Yearbook" for 1945 to 1947, inclusive.

Eatcli~ffe (Dulin} open-pit mine (pi. 1, no. 4). A small 
pit forms an alcove in the west edge of the Ratcliffe pit 
adjacent to Highway 65, in the southwest corner 
SE^NEJi sec. 24. The bauxite in this pit consisted of 
some lower grade ore left by the earlier mining opera 
tions and the ore was removed by the Dulin Bauxite 
Co. in 1944. This mine was called the Little Ratcliffe 
mine on a preliminary map (Bryson and Gordon, 
1944).

Eatdife Lease open-pit mine (pi. 1, no. 6}. A small 
open-pit mine was operated by the Pulaski Mining Co. 
near the southwest corner NEMNE^SE}4 sec. 24, and 
forms a recess in the larger Ratcliffe pit. The over 
burden of Berger and Saline sediments, 30 to 70 feet 
thick, was stripped early in 1944. The pit was mined 
later in the same year at which time the Brown shaft mine 
was operating. The bauxite, part of the lower type 2 
body, was pisolitic light tan to gray, somewhat clayey, 
but locally indurated. Many cavities in this part of 
the deposit contained well-formed purplish-brown 
siderite crystals as much as a quarter of an inch long.

Additional stripping and mining were done by the Dulin 
Bauxite Co. in 1949.

Brown-Batcliffe shaft mine (pi. 1, no. 7). A lobe of 
bauxite at the south side of the Ratcliffe deposit, 
elongate in a north-northeasterly direction, was mined 
through a shaft sunk by the Dulin Bauxite Co. The 
shaft was 92 feet deep, with a timbered haulage com 
partment and manway, to the working level 84 feet 
below the surface. The mine was located principally 
on the properties of W. A. Ratcliffe and A. W. Brown 
in the NE^SE^ sec. 24. Early drilling was done by the 
Republic Mining and Manufacturing Co. before 1935. 
This part of the Ratcliffe deposit was not considered 
high enough grade to warrant exploration by the com 
pany before World War II. The Dulin Bauxite Co. 
began mining the ore in May 1944. The lease was sur 
rendered in October 1945, and the ore was reported to 
be exhausted at that time.

The bauxite in this mine was pisolitic well indurated 
and light grayish-tan. The average grade was re 
ported to be about 54 percent ALO3 , 8 percent SiO2 , 5.3 
percent Fe2O3 , including about 4 percent FeO. The 
bauxite was covered by 60 to 105 feet of overburden.

Thorpe open-pit mine (pi. 1, no. 10}. A small open 
pit 250 by 325 feet was mined by the Dulin Bauxite 
Co. on the property of Melissa Thorpe in the southeast 
corner of the NE^SE^ sec. 24, alongside of Highway 
65. The 12 to 20 feet of overburden, mostly of the 
Saline formation, was stripped late in 1942, and the 
pit was operated at irregular intervals in 1943 and the 
first half of 1944.

All the bauxite mined in this pit was of the stratified 
ferruginous type, as much as 12 feet thick and over 
lying gray silty clay and lignite of the Berger formation. 
Part of the ore was treated at the nearby calcining 
plant of the Dulin Bauxite Co., and the rest of it was 
sold as crude ore to the Metals Reserve Company.

Dorough open-pit mine (pi. 1, no. 9}. An open pit 
at the west side of Highway 65 was operated by the 
Dixie Bauxite Co. on the Dorough lease in the SE%NW% 
SE% sec. 24. The mine forms part of a single pit 
together with the Morgan mine of Prewitt Bauxite 
Co. immediately to the south. The bauxite crops out 
in the western part of the property. Dixie Bauyite 
Co. drilled 23 holes in August 1941. Overburden, as 
much as 24 feet thick, was stripped early in 1943, 
and the property was mined later that year.

Morgan open-pit mine (pi. 1, no. 8).  This mine 
was operated by Roy Prewitt (Prewitt Bauxite Co.) 
between April and November 1943, in the upslope part 
of the stratified deposit that overlies the main Ratcliffe 
deposit. The overburden apparently does not exceed 
15 feet on this property. Most of the ore mined was
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classified by the Metals Reserve Company as "high- 
silica restricted."

Keenzd open-pit mine (pi. 1, no. 11}. A small pit of 
irregular outline about 175 feet long by 100 feet wide, 
at the west side of Highway 65 and south of the Morgan 
mine, was operated by Hardin and Prewitt between 
December 1942 and February 1943. The bauxite 
mined was stratified, pebbly, and pisolitic. The 
overburden averaged about 6 feet, mostly sand.

England open-pit mine (pi. 1, no. 12). The blanket 
of ferruginous stratified bauxite was also mined by the 
Dulin Bauxite Co. in a pit south of the Thorpe mine. 
The property was reportedly leased and stripped by 
the Dixie Bauxite Co. late in 1942, but was acquired 
by Dulin and mined in conjunction with the adjacent 
Harley pit in 1943 and 1944. The bauxite in this pit 
was crossbedded, low grade, and as much as 12 feet 
thick; the overburden ranged from about 6 to 15 feet, 
in thickness. Not only the ore in this pit but that 
which lay beneath the road that separates it from the 
Thorpe pit has been mined out.

Harley open-pit mine (pi. 1, no. 13.)  A small open 
pit, the Harley mine, is contiguous with the England 
pit, which lies to the north. The Dulin Bauxite Co. 
began operations on this property late in May 1942, 
closed temporarily in November and December, then 
operated in 1943 and early 1944. The ore body is a south 
ward continuation of the stratified bauxite lens that 
covers the southwestern part of the Ratcliffe deposit.

The grade of the bauxite is low and erratic. The 
bauxite pisolites are well sorted and interspaces are 
filled with masses of white kaolinitic clay and possibly 
halloysite. Secondary gibbsite crystals lining cavities 
between the pisolites have been collected from this 
pit (fig. 24Z>).

Dixie Lease open-pit mine (pi. 1, no. 14). The south 
ernmost of the group of pit mines located on the 
stratified southward extension of the Ratcliffe deposit 
is in the SW&SEMSE& sec.24. The mine was operated 
by the Clarke Bauxite Co., which acquired leases on 
two properties, the Hall or Dixie lease on the England 
property and the Dollar lease on the Stortz property. 
The company drilled 12 holes on the England property 
and 8 on the Stortz, disclosing an ore body 485 feet 
long and 165 feet wide, elongate in a north-northeasterly 
direction. The deposit was mined from September to 
November 1943, the ore was principally "high-silica 
restricted bauxite" according to the classification of the 
Metals Reserve Company.

SWEET HOME DEPOSIT

Plate 2

The second largest deposit in the Sweet Home embay- 
ment lies beneath the northern and western outsku'ts of

the town of Sweet Home (pis. 1 and 2), mostly in the 
NEK sec. 25, T. 1 N., R. 12 W. The deposit is part of a 
colluvial blanket (type 2 deposit) resting 011 a weathered 
pulaskite slope that dips southeast. It can be divided 
into two principal parts: a large north ore body, elon 
gate and irregularly lobate; and a smaller south ore 
body, subtriangular in outline. The long axes of the 
two ore bodies are nearly parallel and trend northeast 
ward. The two bodies are connected and encircled by 
areas of low-grade bauxite and bauxitic clay. The 
downslope edge of both ore bodies extends across the 
Midway and nepheline syenite contact. Most of the 
deposit is buried beneath sediments of the V^ilcox group.

The north ore body comes to the surface in a small 
outcrop at the southwest corner of the property of the 
Arkansas Confederate Home. From there it extends 
northeastward for about five-eighths of a mile through the 
NE^NEJi sec. 25. The bauxite in this ore body is 
pisolitic. Most of it is light tan, but part of it is gray 
or reddish. Some of the ore in the central part of the 
deposit is very high grade. This is surrounded by 
bauxite that is higher in silica and locally, in the lower 
part of the deposit, there are sideritic parts high in 
ferrous iron content. The maximum thickness of the 
minable bauxite is about 26 feet. Near the southwest 
end of the ore body, its upslope part dips 8° to the east- 
southeast, and its downslope part flatten? to a dip of 
about 2°. Near the middle of the ore body the dip is 
30-4° SE. At the east end the bauxite dips 2°-3° E. 
The ore body is almost completely covered by the upper 
beds of the Berger formation, consisting principally of 
lignite, lignitic clay, and gray silty clay, with gray 
kaolinitic clay and tan bauxitic clay in the lower part 
just above the bauxite. These beds reach a total thick 
ness of 42 feet on the south edge of the ore body beneath 
the Confederate Home property. The overlying Saline 
formation is composed largely of varicolored clay, 
loose sand, and gravel, with locally as much as 10 feet, 
of chocolate-brown silty carbonaceous clay at the base 
and has a maximum thickness of 41 feet. Both forma 
tions wedge out against the bauxite outcrop.

The south ore body lies beneath the western part of 
the town of Sweet Home in the SW^NEK sec. 25. The 
outline of the minable part of this body forms a crude 
isosceles triangle with its base upslope and its apex 
downslope to the northeast. It is about 1,100 feet long 
from base to apex and 800-900 feet along the base. 
The enclosing envelope of low-grade bauxite and bauxitic 
clay comes to the surface in a curving outcrop, concave 
toward the ore body and a short distance southwest of 
it (pi. 2). The bauxite in the south ore body is pisolitic, 
in general higher in silica than much of the ore in the 
north ore body. Much of it is tan, but locally white, 
red, and gray varieties occur. The four color varieties
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were in the western part of the ore body, that was mined 
by the Sweet Home Bauxite Co. The white variety 
was reported by Roy Prewitt, manager of the company, 
to be high in alumina, and the gray somewhat higher in 
iron than the red. The south ore body lies beneath 
overburden that ranges in thickness from a few feet at 
the south end, to about 20 feet at the north end of the 
base of the triangle, and 85 feet at the northeast end.

Confederate Home property. The part of the Sweet- 
Home bauxite deposit that lies beneath the 65-acre 
property of the State Confederate Home in the W^NE% 
sec. 25, T. 1 N., R. 12 W. was not mined during World 
War II although the extraction of the high-grade 
bauxite on this property was planned and a State Com 
mission appointed to supervise the operation. The 
intended milling of this ore was halted before it began 
by cutbacks in Federal bauxite purchases during 1944.

In 1942, the property was prospected by the Duliii 
Bauxite Co., which drilled about 30 holes. In the latter 
part of 1943 the State Bauxite Commission enlisted the 
facilities of the U. S. Bureau of Alines to drill 227 holes 
011 the property. Above the principal ore body the 
overburden reaches a maximum of 78 feet and averages 
46 feet.

Sherrill England open-pit mine (pi. 1, no. 15a). The 
bauxite at the northeast end of the north ore body was 
being mined in the latter part of 1948 by the Reynolds 
Mining Corp. in its Sherrill-England pit, which lies at 
the east end of the Sherrill property (NE cor. sec. 25) 
and extends into the adjacent England property (SE 
cor. sec. 24). The presence of bauxite underlying the 
Sherrill property has been known for many years and 
several individuals and companies have drilled holes to 
prospect the deposit. Most of the ore under this 
property was considered too low in grade to mine before 
World War II. In the latter half of 1941 Reynolds 
drilled 87 holes on a rectangular grid spaced about 100 
feet apart. The company developed the Sherrill- 
Eugland mine in 1948 and began milling that year.

The bauxite in this mine is pisolitic and light grayish 
tan. The overburden is reported to range from 52 to 
78 feet in thickness, of which the greater part consists 
of sediments of the Berger formation.

Sherrill open-pit mine (pL 1, no. 15). The central 
part of the Sherrill property was stripped by the Rey 
nolds Alining Corp. in the latter half of 1942 and the 
property was mined in 1943 and 1944. The over 
burden in this part of the north Sweet Home ore body 
was reported to range from about 35 to 60 feet in 
thickness.

Dixie No. 1 shaft mine (pi. 1, no. 16). The first mine 
in the Sweet Home deposit and likewise the first shaft 
mine in the bauxite region was located at the west end 
of the Hoekstra property, in the S&NE)£NE# sec. 25.

The shaft sunk by P. A. Duliii was the No. 1 mine of 
the Dixie Bauxite Co., but was cited in Mineral Re 
sources of the United States for 1929 (U. S. Geol. Sur 
vey, 1931, p. 489) as the Hoekstra mine (pi. 1, no. 16). 
The bauxite was reportedly of very high grade. The 
shaft and old workings are now covered by stripped 
overburden from open-pit operations of the Reynolds 
Alining Corp.

Hoekstra open-pit mine (pi. 1, no. 17). The rest of the 
western half of the Hoekstra property was stripped and 
mined by the Reynolds Mining Corp. in 1943-44. The 
bauxite lay at a depth of 40 to 75 feet and reached 
a maximum thickness of about 26 feet. Most of the 
bauxite mined in this pit was pisolitic and hard, but 
along the east wall of the northern part of the pit the 
upper bauxite was observed to contain a mixture of 
light bluish-gray clay fragments and red weathered 
pisolites, probably a water-deposited detritus.

Hoekstra-Dobbs-Illing open-pit mine (pi. 1, no. IS).  
These three properties were leased, developed, and 
mined by the Jackson and Squire Construction Co. 
during World War II. The part of the ore body mined 
lies across the line between the NE}^NE}{ and the 
SE^NE}£ sec. 25, and the stripped area formed a com 
mon pit with the Hoekstra mine of the Reynolds Mining 
Corp. The leased tract was drilled by P. C. Up ton 
and by Roy Prewitt, and later by Jackson and Squire. 
The mine was operated in 1943 and 1944.

The bauxite in this part of the deposit is pisolitic and 
contains considerable siderite, particularly in the lower 
part, which locally rendered the ore too low grade to 
mine. This part of the deposit is reported to lie be- 
iieath an overburden that ranged in thickness from 
about 50 to 75 feet.

W right shaft 'mine (pi. 1, no. 19}. The northeastern 
part of the south ore body, immediately south of the 
Confederate Home property, was mined by underground 
workings of the W. T. Wells Mining Co. The bauxite, 
50 to 70 feet below the surface of the ground, was 
reached by a vertical timbered shaft. Mining be^an 
in August 1943, and the lease 011 the mine was relin 
quished in June 1944, after suspension of mining opera 
tions. Most of the bauxite mined was classified as "high- 
silica restricted" by the Aletals Reserve Company.

Sweet Home open-pit mine (pL 1, no. 20).   The 
western part of the south ore body was mined by op en- 
pit methods by the Sweet Home Bauxite Co. Strip 
ping operations were begun in Alay 1942 south of the 
road. In May 1943, another pit was developed north 
of the first.

The bauxite mined in this part of the deposit was 
pisolitic and varicolored. The grade of the ore was low; 
most of it was classed as "high-silica restricted" 
bauxite by the Aletals Reserve Company. The over-
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burden in this part of the deposit ranges from a few feet 
to about 55 feet in thickness.

DEPOSITS IN THE NWJ/4 SEC. 30, T. 1 N., E. 11 W.

Two small deposits, one in the NWJiNWK sec. 30, 
and the other in the SW#NW# sec, 30, lie beneath 
property owned by W. A. Ratcliffe and both are crossed 
by the Missouri Pacific Railroad tracks. They are 
associated with a buried hill of nepheline syenite 
(pulaskite) that stands a little apart from the main 
igneous mass (pi. 2). The top of this hill is exposed in 
a small flat outcrop of weathered pulaskite a few feet 
across, near the center of the SW%NW}£ sec. 30, about 
500 feet east of the railroad tracks. The outcrop is 
surrounded by alluvium.

The northernmost of the two deposits has been 
described by Malamphy and others (1948, v. 3, p. 48-64, 
fig. 39) under the title, "Ratcliffe deposits." It lies 
above the buried surface of the Wills Point formation 
which covers the slope of the nepheline syenite rock and 
fills the valley to the northwest of the hill. The deposit 
is a composite one. Most of the bauxite of minable 
grade consists of altered colluvial detritus that has been 
derived from the nepheline syenite hill and deposited 
along the east side of a small tributary valley that 
drains northward. The ore body is about 750 feet long, 
200 feet wide, narrowly elliptical, and trends north 
eastward. Northwest of it and covering the downslope 
edge of the deposit is another bed of bauxite, most of 
which lies above lignite and carbonaceous clay. This 
bed is composed of hard brown bauxite pebbles and 
pisolites and dips slightly to the east. It has been 
derived from the north Sweet Home deposit, a lobe of 
which lies several hundred feet to the west. The small 
size of the ore body makes mining, under present condi 
tions, somewhat doubtful.

The part of the deposit that contains bauxite of 
miiiable grade lies beneath overburden that ranges 
from 68 to 99 feet in thickness. This includes also the 
upper alluvial bauxite bed where it is 6.0 to 7.2 feet 
thick. The overburden includes an upper unit of brown 
silty clay, brownish sand and gravel, 52 to 69 feet thick. 
Apparently, this belongs in the Saline formation, except 
for the uppermost part which is Quaternary alluvium. 
The lower part of the overburden consists of gray silty 
clay, lignite, kaoliiiitic clay, and bauxitic clay of the 
Berger formation.

The second bauxite deposit was found in several drill 
holes that were described, along with many others, 
under the title, "Sweet Home clay deposit" by Mal 
amphy and others (1948, v. 3, p. 65-84, fig. 40). It lies 
in the southwest corner of the SW^NW^ sec. 30, where 
Highway 65 bends southward from Sweet Home and 
parallels the Missouri Pacific Railroad. It is about 500

feet long and less than 200 feet wide; only one line of 
drill holes cut minable thicknesses of bauxr'te.

The bauxite lies a few feet above the weathered 
nepheline syenite on the south slope of the small buried 
hill mentioned above, and along a subsurface valley 
that drains directly eastward. Erosion along this 
valley at the south edge of the deposit probably ac 
counts for its limited width. It is slightly higher in 
elevation at its east end than at the west. The lower 
and principal part of the deposit is pisolitic, and locally 
an upper pebbly bauxite bed is separated from the 
lower bed by a couple of feet of fragmental bauxitic 
clay.

FULLER SCHOOL DEPOSIT

Plate 2

The Fuller School deposit (Malamphy and others, 
1948, v. 4, p. 9-31, fig. 43) is south of Sweet Home in 
the NE%SW% and the central and northyrest parts of 
the SE}4 sec. 25, T. 1 N., R. 12 W. It consists mostly 
of low-grade bauxite and bauxitic clay. Much of the 
bauxite has a high content of siderite, which at the 
surface is oxidized to limonite.

The deposit crops out along a small creek for nearly 
half a mile in a westerly direction. Two small ore 
bodies are within it, one south of, and the other south 
east of the Fuller School. The edges of both bodies 
extend beneath the school grounds. Both have been 
stripped and mined outside the school property.

The deposit lies on the north slope of a small buried 
valley, that in early Eocene time drained eastward 
into a larger northeastward-trending valley. Weathered 
nepheline syenite, probably pulaskite, is in the bottom 
of the valley, but the Wills Point formation covers 
part of the flank and crest of the ridge to the north, 
cropping out north of the bauxite outcrop. The Wills 
Point does not exceed 15 feet in thickness in this area, 
and rests locally upon conglomerate of probable Kin- 
caid age. Beneath the western part of the deposit the 
Midway sediments lie above dark-gray altered shale 
of Paleozoic age, but beneath the east end, the Midway 
sediments are absent and the fragmental underclay of 
the bauxite-kaolin zone rests directly upon decomposed 
nepheline syenite.

The Federal government drilled 73 holes in the de 
posit, most, of which were spaced about 200 feet apart. 
The overburden in these drill holes reached a maxi 
mum of 43 feet, although over the minable part of the 
deposit it ranges in thickness from 30 to 68 feet.

Willie Thomas open-pit mine (pi. 1, no. 22). In 
1943 a pit mine was opened south of the Fuller School 
property after about 30 holes were drilled by Vaughn 
and Hurley. The road, known as the Pweet Home 
cutoff, was diverted to the south side of the pit am]
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silty clay and interbedded lignite of the Berger forma 
tion about 30 to 50 feet thick, thickening southeast 
ward. On top of this about a foot of brown carbon 
aceous clay represents the basal bed of the Saline 
formation. A fossil plant collection (no. 9049) from 
this bed is listed in table 5. Between this bed 
and the surface is 10 feet of medium -grained sand.

OUTCROPS IN THE SEC. 25, T. 1 N., R. 12 W.

part of the area occupied by the old road was included 
within the pit. The ore was mined by the Arkansas 
Bauxite Stripping Co.

The overburden in this pit was about 55 to 68 feet 
thick. Below about 15 feet of sand, gravel, and yellow 
clay is a clayey lignite bed, 4 to 7 feet thick. This 
lignite bed is underlain by a light-gray clay that 
weathers whitish, for a thickness of 40 feet or more. 
At the base the clay grades abruptly into a somewhat 
indurated pisolitic clay containing scattered hollow, 
soft, or hard, black pisolites, locally in aggregates. 
The main part of the bauxite lens is yellowish gray, 
the matrix hard, the pisolites mostly gray to pink. 
Hard sideritic parts are near the middle of the pisolitic 
bauxite interval, many of them in vertical tubelike 
bodies 1 to 2 inches across. The minable bauxite 
reached a maximum of 15 feet in thickness.

Westminster Church open-pit mine (pi. 1, no. 21). A 
pit mine was opened by the Kenark Mining Co. at the 
east side of the Sweet Home cutoff on the Westminster- 
Thomas-Barner-Porter tract. Mining operations were 
begun here in the latter part of 1943 and continued 
until early in 1944. The bauxite in this part of the 
Fuller School deposit has a dip of about 5° to the south 
east. It is pisolitic and light tan. Most of the bauxite 
mined in this pit was classified as "high-silica re 
stricted." A small amount of "low-silica restricted" 
and "nonrestricted" bauxite also was mined.

The overburden in this pit consists mainly of gray

Analyses of bauxite samples, in percent, from south end of the southuiestern outcrop in the SW^iSWli sec. 25, T. 1 N., E. 12 W. 

[Analyses by U. S. Bureau of Mines field laboratory, Little Rock, Ark.]

Two bauxite outcrops are between a quarter and 
half a mile southwest of the Fuller School outcrop (p1 . 
1). The first is exposed in a knoll about a quarter of a 
mile north of a prominent pulaskite hill. The other 
outcrop, horseshoe-shaped, lies on the northwest slope 
of this hill at the southwest corner of sec. 25. Both 
outcrops were prospected and trenched many years 
ago by the Republic Mining and Manufacturing CV 
They are surrounded by a thin veneer of sediments of 
the Saline formation.

These outcrops probably are remnants of extensive 
residual (type 1) deposits that once mantled the Pulaski 
iiepheline syenite mass. The bauxite does not show a 
pisolitic texture, but is either dense or crudely granitic. 
The more easterly of the two outcrops is reported to 
have a high silica content, but the one at the southwest 
corner of the section contains very high-grade bauxite. 
Several specimens were collected by M. W. Ellis at the 
south end of this outcrop. Analyses of these specimens 
are given in the table below:

Sample

102_____________
103___-____-____
104____-___.____
105_____- _ ____

AbOs

59. 6
61. 0
60. 3
61. 4

SiO2

3 Q
2. 3
1 '?
2. 0

Fe as 
Fe2 O 3

1 9
1. 6
 > 7

1. 3

TiO 2

2. 6
2. 3
3. 0
1. 9

Ignition
loss

31. 8
32. 8
32. 4
32. 8

Insoluble

fl "\
. 2
. 4
. 6

FeO

0.4
2
o

! 3

Lithologic description of bauxite specimens

DGHSP sfiliTion red
Do.

WOODYARDVILLE AREA

The deposits in the Wooclyardville area, extend from 
the W#SE# sec. 36, westward through the SW# sec. 36 
and the SJ£ sec. 35, T. 1 N., R. 12 W., and southwest- 
ward through the NW^ sec. 1, and most of sec. 2, T. 1 
S., R. 12 W., to the NW?£ sec. 11 (fig. 58). The land 
surface is gently rolling. The southeastern parts of 
the area, drained by Fish Creek, are swampy and flat, 
formed on terrace deposits at the west margin of the 
Arkansas River flood plain. To the north and west of 
this flat land are many low hills that fringe the southeast 
flank of Granite Mountain, cut in the more resistant 
sediments of the Saline formation.

Woodyardville lies 3 miles south of the city limits of 
Little Rock. A paved and graveled road, known as

Dixoii Road or the Sweet Home cutoff, passes along 
the north and west margins of the area, within a few 
hundred feet of the nearest bauxite deposits. This 
road joins Highway 65 at Sweet Home and Highway 167 
a short distance south of Berger. From central Little 
Rock it is about 10 miles by road via Sweet Home and 
9 miles via Berger to Woodyardville. Auxiliary all- 
weather gravel roads lead to or pass within a few 
hundred feet of every major bauxite deposit.

The Woodyardville area is bounded at the northeast 
by a pulaskite hill which crops out in the E^NE% sec. 
36, T. 1 N., R. 12 W., and the W&NW^ sec. 31, T. 1 
N., R. 11 W. The area is bounded at the southwest 
by the narrow subsurface valley in the NEK sec. 10, 
T. 1 S., R. 12 W. that drains the Primrose Church
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basin. It is separated from this basin in the W% sec. 11 
by a narrow, relatively steep sided basement ridge, the 
long axis of which trends about N. 10° W.

The basement rocks in the Woodyardville area consist 
of varieties of nepheline syenite, including pulaskite, 
tinguaitic border rocks, and nepheline syenite dikes; 
these are associated with altered shale and quartzite of 
Paleozoic age in roof pendants in the igneous rocks. 
Beneath the Wilcox sediments these rocks are partly 
covered by clay and debris of the Midway group. 
Most of the dike rocks and the largest masses of rock 
of Paleozoic age are in sees. 35 and 36,T. l.N.,R. 12W.

The buried edge of the Midway sediments, where 
they wedge out on the igneous or metamorphic rocks, 
is in the shape of an arc irregularly concave to the 
southeast, that trends in a westerly direction across the 
southern part of sec. 36, then south westward diagonally 
across sec. 2, T. 1 $., "R. 12 W. The Wills Point forma 
tion laps over the underlying Kincaid formation for 
several hundred feet in most of the area, except beneath 
the Dixon deposit, where several gravel lenses of Kin 
caid age lie directly beneath the bauxite-kaolin zone.

The thickness of the bauxite-kaolin zone reaches 60 
feet in places and its upper surface is relatively flat. 
The highly aluminous sediments of this zone thin out 
gradually basin ward and its extent in this direction is 
poorly known, as drilling was limited to the vicinity 
of ore bodies.

Many buried valleys, both large and small, head in 
the nepheline syenite and extend downslope onto the 
surface of the Wills Point formation. They are ap 
proximately at right angles to the buried edge of the 
Midway sediments.

Most of the bauxite deposits in this area (pi. 17) lie 
either wholly or in major part 011 the Wills Point surface 
close to the edge of this formation, where it wedges out 
against the weathered nepheline syenite. Along this 
buried contact are three major deposits in the Wood 
yardville area, consisting of many ore bodies linked 
together by bauxite either of less than commercial 
grade or less than minable thickness. For convenience 
in description, however, the eastern one has been sub 
divided into the Cheatham, McClain-Burks-Nelson, 
Dixon-Nelson, and Dixon deposits; the central one, 
into the Woodyardville and Vinson-Raines deposits; 
and the southwestern one, into the Coe, Birnbach, and 
Glidewell deposits. In addition, the Reichardt deposit 
lies upslope entirely over weathered nepheline syenite 
(as do parts of the Dixon and Woodyardville deposits).

Nearly all of them are formed by residual alteration 
in valley-wall or valley-fill colluvial accumulations or a 
combination of both (type 2 deposits). The ore in the 
larger bodies usually lies along the walls of small shallow 
valleys and extends downslope in several places across

the valley floor and on the opposite slope. Much of 
the ore is pisolitic but part of it is fragmental and tex- 
tureless, and the Cheatham deposit, near the east end 
of the area, contains a little pisolitic bauxite.

Several ore bodies, particularly those lying over the 
Wills Point formation in the western part of the area, 
have two layers of bauxite separated by a narrow wedge 
of siderite or lignite, and carbonaceous, bauxitic, or 
kaolinitic clay, which thickens downslop?. In these 
bodies the upper bed is hard, pebbly to pisolitic, and 
stratified (type 3 deposit).

The bauxite deposits are covered by overburden 
ranging from several inches to about 325 feet thick and 
composed of lignite and gray silty to sandy clay of the 
Berger formation, brown silty to sandy carbonaceous 
clay and clayey sand of the Saline formation, and some 
surface sand.

Company exploratory work in parts of the area pre 
ceded that undertaken by the Federal project, and 
discovered at least three of the deposits. Small mines 
have been operated in the area intermittently since 
1925. The earliest drilling appears to have been done 
by the Republic Mining and Manufacturing Co. and 
the Kalbfleisch Corp. Information from the company 
drilling aided geologists of the Federal drilling program 
in predicting the approximate trend of the buried edge 
of the Midway sediments before exploration of the area. 
The government drilling began in July 1942 and con 
tinued until about September of the following year.

CHEATHAM DEPOSIT

Plates 17 and 18

The easternmost ore bodies in the Woodyardville 
area are in the SJ£SE# sec. 36, T. 1 N., R. 12 W. on 
properties owned by R. E. Block, Earl Chambers, 
C. Cheatham, S. Cheatham, J. W. Hopper, Olaf Nelson, 
Sid Thomas, and Ella Thompson. These ore bodies 
are part of a large, irregular deposit linked together 
by low-grade bauxite or by bauxite less than 8 feet 
thick.

The bauxite in the Cheatham area was found by drill 
holes of the Republic Mining and Manufacturing Co. 
drilled on the Nelson property in 1938. From March 
to July 1943, 79 holes, most of them spaced about 200 
feet apart, were drilled by the Federal project to delimit 
the bauxite in this tract.

The Cheatham deposit (Malamphy and others, 1948, 
v. 4, p. 48-72, fig. 45) lies athwart the buried edge of the 
Wills Point formation (pi. 17), where it thin? out against 
the weathered nepheline syenite. It lies along a slope 
on the post-Midway erosion surface draired by three 
southwestward to southeastward-trending subsurface 
drainage systems. The relation of the deposit to this 
buried surface is shown on the subsurface map, plate 2.
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The ore is thicker on slopes and over ridges, than in 
valley bottoms, indicating a residual origin for much of 
it. Three ore bodies are close enough that they probably 
can be mined as one. The northeastern, the first ore 
body, is about 400 feet long and less than 200 feet wide, 
and trends north-northeast; the miiiable bauxite reaches 
a maximum thickness of 14.2 feet in USBM drill hole 
5-198. The second ore body is 200 feet southwest of 
the first, is subtriangular in outline, about 450 feet in a 
north-northwest direction and 400 feet in a south- 
southwest direction; the maximum known thickness of 
the bauxite in this body is 13.0 feet in USBM drill 
hole 5-150. The third and largest ore body is 200 feet 
west of the second and is continuous with the McClain- 
Burks-Nelson deposit to the west (pi. 17). This irregu 
larly-shaped body is about 600 feet east to west and 
north to south. The ore reaches a maximum thickness 
of 13.2 feet in USBM drill hole 5-154.

The bauxite is tan or grayish-tan, nonpisolitic, either 
fragmental or textureless. In places the upper part of the 
bauxite is pisolitic. Brown granular siderite is common 
locally in the middle and lower parts of the deposits.

The bauxite is overlain by bauxitic clay, grading 
upward into kaoliiiitic clay at the top; these aggregate 
4 to 10 feet in thickness. The ore is covered by over 
burden ranging in thickness from 74 to 116 feet and 
averaging 92 feet; this includes the bauxitic and kao 
linitic clay mentioned above. The clastic and carbona 
ceous sediments of the upper part of the Berger forma 
tion are absent at the east edge of the deposit and reach 
25 feet in thickness in the western part. Many drill 
holes penetrated a thick bed of lignite at the top of the 
Berger formation. The Saline formation ranges from 
57 to 98 feet in thickness. Chocolate-brown silty to 
sandy carbonaceous clay, where present, is generally at 
the base; elsewhere the formation is composed mostly 
of loose sand and gray sandy clay. A persistent granule 
or pebble gravel bed is at or near the base, in places 
directly overlying the thick bed of lignite of the Berger 
formation.

MCCLAnsr-BURKS-NELSON DEPOSIT

Plate 17

The McClain-Burks-Nelson deposit (Malamphy and 
others, 1948, v. 4, p. 32-47 and 73-78, figs. 44 and 46) 
is in the E^SEtfSWtf, E^NE^SW%, and WJ£NW#SE# 
sec. 36, T. 1 N., R. 12 W. on properties of Jenny Burks, 
E. S. Dixon, Mrs. L. A. Miller, G. G. McClain, and Olaf 
Nelson. Part of the ore, on the Burks and Nelson 
properties, has been mined by the Pulaski Mining Co. 
(pi. 2, no. 21)

The deposit was prospected in 1938 by about 20 drill 
holes of the Republic Mining and Manufacturing Co.; 
in 1940, by 12 additional drill holes of the American
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Cyanamid and Chemical Corp; and later, by 16 holes 
of the Dulin Bauxite Co. The Federal drilling program 
drilled 50 holes to delimit the north end of the deposit.

The miiiable ore is in a narrow body, about 2,400 feet 
in length and about 600 feet in width at its widest part, 
trending S. 10° W. (pi. 17). The larger southern part of 
the body lies on the west slope of a southward-trending 
valley and dips about 3° SE. Near the north end a 
lobe about 750 feet long extends east-northeast up a 
tributary subsurface valley. Most of the deposit o^er- 
lies weathered nepheline syenite but the deeper south 
end lies on the Wills Point formation which wedges out 
against the nepheline syenite. The basement rocks are 
overlain by a light-gray, fragmental, kaolinitic clay 
containing tiny pink to tan pellets and aggregates of 
siderite. The bauxite-kaolin zone has an average 
thickness of about 30 feet in this area.

Most of the bauxite in this deposit is pisolitic and tan 
or grayish-tan. The upper 4 to 6 feet is hard and the 
lower part is soft and crumbly.

The bauxite is overlain by as much as 8 feet of baux 
itic and kaolinitic clay, particularly in the downslope 
or eastern part of the deposit. The overburden, in 
cluding this clay, ranges in thickness from 63 to 96 
feet thick in the part of the deposit north of the 
Burks-Nelson mine; in the southern part it ranges 
from 77 to 110 feet. The Berger formation has an 
average thickness of 19 feet and is composed largely 
of massive lignite interbedded with gray, silty ^ay. 
The lower part of the Saline formation is composed of 
chocolate-brown sandy to silty clay, 35 to 60 feet 
thick. This clay contains a few thin lignite seams and, 
throughout the central part of the ore body where this 
clay is thickest, the lower part is replaced by a len^ of 
fine sand as much as 30 feet thick. The upper part 
of the Saline formation is composed of coarse-grained 
sand, locally grading into gray silty clay containirg a 
few thin lignite beds and ranging in thickness from 15 
feet across the north central part of the deposit to 40 
feet across the southern part. A collection of fossil 
plants (loc. 9047) from the Saline formation in the 
Burks-Nelson mine is described in table 5, in the 
stratigraphic section.

Burks-Nelson open-pit mine (pi. 1, no. 23). -This 
mine was opened by the Pulaski Mining Co., a sub 
sidiary of the Dulin Bauxite Co. Production, limited 
to the southern part of the deposit, began in August 
1943, and continued in the early part of 1944. Strip 
ping the comparatively narrow and deep open pit was 
difficult because lignitic clay at the west side of the 
pit acted as a lubricant and caused slumping of a 
sizeable mass of the overburden, in the early stages of 
mining.

The ore produced from this mine included "low
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silica" and "high silica restricted," as well as a small 
amount of "unrestricted bauxite."

DIXOX-NELSON DEPOSIT

Plates 17 and 18

The small Dixon-Nelson deposit (Malamphy and 
others, 1948, v. 4, p. 79-118, fig. 47, v. 5, p. 11-17, 
fig. 50) is connected to the McClaiii-Burks-Nelson and 
the Dixon deposits by less than 8 feet of ore-grade 
bauxite. It is on the E^NE^NW^ and the 
W^NW^NEK sec. 1, T. 1 S., R. 12 W. on the properties 
owned by A. M. and A. L. Dixon and Olaf Nelson. In 
the reference cited it was described as part of the Dixon 
deposit and also as the Olaf Nelson deposit.

Eighteen holes were drilled 011 the Nelson property 
after USBM drill hole 1-061A cut through several feet 
of high-silica bauxite at a depth of 161 feet. At a later 
time, during delimiting of the Dixon deposit, an addi 
tional 15 holes were drilled in and around the western 
part of this ore body, spaced about 200 feet apart on a 
triangular grid. These were supplemented by 6 addi 
tional holes of the Reynolds Alining Corp.

The bauxite lies above the Wills Point formation 
which has a well-developed soil profile at the top in this 
area. The relation of this body to the adjacent de 
posits and to the post-Midway erosion surface are 
shown in plate 17. The ore body, as interpreted from 
drill-hole data, is probably about 900 feet long from 
east to west and as much as 300 feet wide. The thick 
est ore reached was 12.3 feet in USBM drill hole 
1-207A and this included some material high in silica in 
the middle part. The bauxite is similar in general 
appearance to that in the adjacent bodies.

The bauxite of minable thickness lies from 143 to 158 
feet below the surface and is immediately overlain by 
2 to 6 feet of bauxitic clay that grades upward into 
kaoliiiitic clay. The Berger sediments above the 
bauxite-kaolin zone range from 45 to 53 feet in thick 
ness. The Saline formation ranges in thickness from 
90 to 106 feet. The lower part consists of chocolate- 
brown silty to sandy clay; the upper 58 to 77 feet is 
composed mainly of sand with a few clay or gravel 
layers.

DIXON DEPOSIT

Plate 17

The extensive Dixon deposit (Malamphy and others, 
1948, v. 4, p. 79-118, fig. 47), composed of several 
closely spaced ore bodies, irregularly lobate, lies in the 
SE^SEX sec. 35 and the SW^SWX sec. 36, T. 1 N., 
R. 12 W., and in the N£N"W# sec. 1, T. 1 S., R. 12 W. 
The southern and more deeply buried part of the de 
posit, drilled by the Federal project is on properties of 
Andrew M. Dixon, A. M. and A. L. Dixon, B. J.

Birnbach, Willie Thomas, and L. M. Iling. The 
northern extension of this deposit crops out at the 
surface several hundred feet south of the Sweet Home- 
Berger road. The outcrop and the shallow ove adjacent 
to it have been worked by several small mines inter 
mittently since 1925 (pi. 1, nos. 24 and 25).

Geologic information indicated the possibility of the 
occurrence of bauxite in the deeper southern part of the 
Dixon area and this was supported by data from 
USBM drill hole 2-100, which cut several feet of 
bauxitic clay near the west boundary of the Jennie 
Burks property. Exploration by the joint Federal 
project continued intermittently from January to May 
1943 and the area was delimited by 118 drill holes. 
The bauxite was found to be continuous with that of 
the Dixie No. 3 mine to the north and the Dixon-Nelson 
deposit to the east.

The Dixon deposit lies in a broad, shallow valley on 
the post-Midway erosion surface that in early Eocene 
time drained southward (pi. 17). The Dixon No. 2 
ore body is on the west slope of tin's valley; the other 
ore bodies are on the east side and in places reach its 
center.

The north end, in the NEtfSEtf sec. 35 and the 
NW%SW% sec. 36, rests on weathered rocks cf Paleozoic 
age and on weathered pulaskite. The southern part 
of the deposit, in the SEtfSEtf sec. 35, the SW#SWtf 
sec. 36, and in the N^NW% sec. 1, is almost entirely 
on sediments of the Midway group that wedge out 
against the igneous and the Paleozoic metamorphic 
rocks. Directly beneath the bauxite-kaolin zones under 
the northeastern part of Dixon ore body 1 and along 
the northwest margin of ore body 2 is gravel and 
kaoliiiitic debris of Kincaid age composed largely of 
pebbles derived from the rocks of Paleozoic age and 
associated igneous dike rocks. This was deeply 
kaolinized by weathering during early Eocene time when 
it was part of the post-Midway surface. Under the 
western and southern parts of ore body 1, and under 
the southeastern part of the ore body 2, this gravel of 
Kincaid age is covered by dark-gray silty clay of the 
Wills Point formation. Here the gravel appears much 
fresher because it was protected from post-Midway 
weathering by the overlying clay. The Wills Point 
formation thickens south-southeastward tc about 30 
feet beneath the southeast margin of the cve body 3. 
At the top of the formation is the normal weathered 
zone khaki-colored in depressions and on gentle slopes 
on the post-Midway surface and red to white along 
buried ridges.

The bauxite is distributed in three principal ore 
bodies. The largest of these, ore body 1, is broadly 
L-shaped in outline, about 900 feet from north to south 
and 700 feet along the short arm of the L from west to
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east. The smaller ore body 2 lies a short distance 
southwest of the ore body 1 and is separated from it 
by a thick vertical section of bauxitic and kaolmitic 
clay. The ore is distributed in a broadly curving arc, 
about 1,000 feet from its northeast to southwest ends 
with the 8-foot isopach and nearly 400 feet across at 
its widest part. Ore body 3, the smallest, lies south 
of ore body 1 and northwest of the Dixon-Nelson 
deposit, with which it is connected by bauxite less than 
5 feet thick. It is about 600 feet long in a northwesterly 
direction, and 400 feet normal to this trend at its widest 
part. The thickest ore cut in each body was: 16.0 feet 
in ore body 1 in USBM drill hole 7-069; 18.3 feet in ore 
body 2 in USBM drill hole 7-097A; and 15.5 feet in 
ore body 3 in USBM drill hole 5-077. The dips of the 
ore bodies are fairly shallow and nearly parallel to the 
post-Midway erosion surface.

Most of the ore in the three bodies is pisolitic and 
grayish-tan to rich tan. The pisolites are abundant 
in the middle and upper parts, and most of them have 
hard cherty-looking centers. The pisolites near the 
base and top and along the edges of the ore have soft 
clayey to semiliquid centers and are sparsely distri 
buted. The pisolites range from 3 to 30 millimeters 
across and average about 6 millimeters. Under the 
downslope end of the ore bodies 1 and 3 and the south 
west end of the ore body 2 the pisolites are few, soft, 
and scattered, and some fragments of bauxite are tan 
and orange. In between the ore bodies 1 and 2 is a 
thick section of bauxitic clay through which are scat 
tered many angular bauxite fragments. Similar clay 
lies immediately beneath and fringes all three ore bodies.

A siliceous hardcap of low-grade pisolitic bauxite or 
bauxitic clay, locally as much as 5}£ feet thick, was 
found in places on top of the ore along the upslope 
parts of the ore bodies. The ore in many places is 
separated by only 1 to 2 feet of bauxitic or kaolmitic 
clay from the top of the bauxite-kaolin zone, but locally 
it is overlain by as much as 19 feet of clay bed.

Overburden above ore body 1 ranges in thick 
ness from 40 feet to 100 feet; above ore body 2, from 42 
to 102 feet; and above ore body 3, from 100 to 150 feet. 
The average thickness over the deposit is 92 feet.

The gray silty clay and lignite of the Berger forma 
tion ranges from 4 to 12 feet in thickness across the 
northern part of the drilled area and reaches a maximum 
thickness of 41 feet at the southeast end of ore body 3. 
The Saline formation ranges from about 39 feet at the 
north end of the drilled area to 98 feet at the southeast 
end of the deposit. It consists of varicolored clay, 
sand, and granule gravel where thin, and chocolate- 
brown silty to sandy clay and loose quartz sand in the 
deeper parts.

Wright open-pit mine (pL 1, no. 24). The earliest

mining in the Woodyardville area was on the J. P, 
Wright property in the NW#SW# sec. 36. Ore v^as 
shipped by Wright from this property in 1925-26. The 
mine was inactive until 1936 when it was operated by 
the Pulaski Bauxite Co. Production has been recorded 
for 1936 and 1938.

Dixon open-pit mine (pi. 1, no. 25). Mining of the 
outcrop and shallow ore on the Dixon Bros, property 
in the NEtfSEtf sec. 35 (pi. 2, no. 23) was begun in 
1926. This operation was continued in 1926-27 by 
D. B. Hill. A sketch map by the Arkansas Geological 
Survey compiled in 1926 (Branner, G. C., 1928, p. 8) 
shows a single bauxite mine in this area under the name, 
Oliver and Hill Construction Co. According to P. A. 
Dulin, Jr. (personal communication, 1950), some ore 
was shipped about this time through the efforts of 
P. A. Dulin.

Dixie No. 3 mine (pi. 1, nos. 24, 25). In 1941 the 
Dixon and Wright mines were acquired by the Dixie 
Bauxite Co. Production began that year from an 
underground mine in the southern part of the Wright 
property, developed by an incline from the old pit 
workings. A vertical shaft was also sunk but scon 
caved.

Late in 1942 stripping of the overburden from most 
of the remaining ore was begun, particularly on the 
Dixon property where most of the bauxite was less 
than 40 feet deep. The ore was mined by open-pit 
methods, supplemented by short underground workings. 
Operations at this mine terminated in 1943.

VINSON-EAINES DEPOSIT

By Miller W. Ellis 

Plates 17 and 18

The Vinsoii-Raiiies deposit (Malamphy and others, 
1948, v. 5, p. 18-46, fig1 . 51) underlies a relatively flat,, 
partly wooded tract of land in fractional sees. 1 and 2, 
T. 1 S., R. 12 W. The deposit is on properties of B. J. 
Birnbach, L. M. Illing, and Willie Thomas, E. E. 
Rallies, J. D. Stalworth, and A. M. Vinson.

Drilling by the Federal project on 400-foot centers 
to explore the area between the Dixon and Birnbach 
ore bodies and drilling by the Dulin Bauxite Co. in 
the SE^NE^ sec. 2, discovered the Vinson-Raines 
deposit. Eighty-four holes were drilled between Sep 
tember 1943 and early in 1944 by the Federal drilling 
program and 10 by the Dulin Bauxite Co. to investigate 
the deposit.

The deposit lies above sediments of the Midway 
group. The Kiiicaid formation in this area, penetrated 
in 14 drill holes, is composed of sandy limestone inter- 
bedded with black sticky clay and gray marl, laminated 
in places. Sand and gravel, derived mainly from the
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metamorphic pendant rocks of Paleozoic age and partly 
from porphyritic or trachytic dike rocks, is abundant at 
the top and common in the lower part of the formation. 
The Wills Point formation, consisting of the typical 
dark-bluish gray silty clay, overlies the Kincaid forma 
tion; it is 24 to 71 feet thick in the drill holes that 
drilled through it.

The bauxite-kaolin zone ranges from 6 to 54 feet in 
thickness and averages about 30 feet. It is a valley 
fill of altered clay and bauxite fragments derived from 
the basement rocks upslope. The Vinson-Raines 
deposit, bifurcate and lobed in outline, formed along 
the brow and east slope of a low southeastward- 
trending ridge on the Wills Point surface and also 
along the south slope of a northeastward-trending ridge 
on this surface (pi. 18). It is connected by low-grade 
bauxite, several feet thick, to the nearby Woody ard- 
ville deposit.

The main ore body, as interpreted from the drill-hole 
data, is about 2,300 feet long, reaches slightly more 
than 300 feet in width, and trends about N. 45° W.; 
a branch about midway in the deposit extends about 
1,100 feet to the northeast. The thickest ore, 19.5 feet 
in USBM drill hole 7-211, is near the upslope end.

Most of the ore is pisolitic bauxite. A vertical 
section through the ore is typical of a type 2 deposit. 
Above the ore is a hard, pisolitic bauxitic rock which 
ranges in chemical composition from high-silica to 
kaoliiiitic bauxite. This hardcap will form a competent 
roof rock for underground development and reaches a 
maximum of 5 feet along the upslope and updip edges 
of the ore body but thins abruptly downslope and 
downdip from the center of the body.

A maximum of 29 feet of bauxitic and kaoliiiitic 
clay covers the downslope parts of the deposit. The 
overburden ranges in thickness from 115 to 210 feet 
and averages about 145 feet. Clastic and carbonaceous 
l>eds of the Berger formation above the bauxite-kaolin 
zone are 24 to 64 feet thick, and include dark-greenish 
gray clay, lignite beds as much as 20 feet thick, and 
siderite layers. The Saline formation is 62 to 125 feet 
thick. Chocolate-brown silty to sandy-brown clay 
38 to 102 feet thick, in the lower part in places grades 
laterally into sand, and is 2 to 97 feet thick in the 
upper part. Locally, the formation contains layers 
of gravel and lignite.

WOODYAKDVILLE DEPOSIT

Plate 17

This deposit lies in the north-central part of sec. 2, 
T. 1 S., R. 12 W. and its northern tip extends into 
sec. 35, T. 1 N., R. 12 W. It was discovered and has 
.been explored and mined largely by companies. Mines

have been operated in it by the American Cyanamid and 
Chemical Corp., Consolidated Chemical Industries, Inc., 
the Dulin Bauxite Co., and the Victory Bauxite Co.

Drilling in 1930 by M. J. Childress on the Mayhan 
property, and in 1932-33 by J. C. Childress on the 
Berry property, found 4 to 14 feet of bauxite under 
lying 40-65 feet of overburden. Additional holes were 
drilled subsequently by several mining companies. 
The Federal project drilled 19 holes in the northern 
part of the deposit (Malamphy and others, 1948, v. 4, 
p. 19-135, in part, fig. 48; v. 5, p. 3, 9, 10, fig. 49).

The deposit is on the east slope of a bro^cl pulaskite 
ridge and across a tributary eastward-trending ridge 
(pi. 17). South of this tributary ridge the deposit 
trends southeastward. Most of the ore lies above 
weathered pulaskite but part of the northern part of 
the body rests on a wedge of clay of the Wills Point 
formation into which is tongued a large amount of 
clayey feldspathic debris derived from the nearby 
syenitic rocks. The north tip, on the Vick property, 
rests on greenish-gray altered shale, part of a pendant 
of rock of Paleozoic age.

The workable part of the ore before mining was 
about 3,000 feet long along a line approximately N. 20° 
E. and slightly more than 1,100 feet wide at the central 
and widest part. It was gently curving in outline, 
concave northwestward. Most of the bauxite is 
pisolitic but in the downslope parts beneath the typical 
pisolitic bauxite as much as 5 feet of fragmental poorly 
pisolitic soft bauxite occurs.

According to available drilling records the ore lay 
beneath the 30 to 112 feet of overburden which includes 
the thick kaoliiiitic clay immediately above the de 
posit. In the USBM drill holes in the northern half 
of the deposit the carbonaceous and clastic beds of the 
Berger formation above the bauxite kaolin zone range 
from 23 to 39 feet in thickness and aro composed 
largely of gray kaoliiiitic clay, brown carbonaceous 
clay, and lignite. The Saline formation in these drill 
holes ranges from 20 to 42 feet in thickness and is 
composed of chocolate-brown silty to sandy clay in 
the lower part and of gray to white clay and red and 
gray clayey sand in the upper part.

Weiss open-pit mine (pi. 1, no. 26}. Located on the 
Weiss property in the SW^NE^ sec. 2, this mine was 
developed by the Victory Bauxite Co., early iu World 
War II. Twenty exploratory holes were cHlled before 
strip-mining began in 1942. Production started in 
November 1942 and continued into March 1943.

The bauxite, moderately low in silica but with its 
middle and lower parts high in ferrous iron due to 
presence of siderite, was listed as high-silica bauxite 
by Metals Reserve Company. Part of the bauxite con-
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sisted largely of pisolites cemented by amber-colored 
siderite crystals. A specimen of this rock is illustrated 
in figure 17.

This mine is in the shallowest part of the Woodyard- 
ville deposit. The overburden is reported to have 
ranged in thickness from about 30 to 45 feet. The 
mine has been abandoned since 1943.

Vick underground mine. The northern tip of the de 
posit 011 the W. E. Vick property in the SWKSE# sec. 
35 was mined by the Dulin Bauxite Co. through the 
Vinson-Hoffman shaft. The U. S. Bureau of Mines 
drilled several holes prospecting for clay 011 this prop 
erty in October 1943. Additional holes spaced about 
200 feet apart were drilled by the Federal Government, 
to delimit the bauxite, and the ore was mined in 1947- 
48. Most of the bauxite was light-tan, pisolitic, but 
with few pisolites in the lower part. The bauxite lay 
beneath the 61 to 92 feet of overburden. The Berger 
formation above the bauxite-kaolin zone is 24 to 30 
feet thick and contains a large amount of kaolin in the 
upper part. The Saline formation is 20 to 32 feet 
thick.

Vinson-Hoffman shaft mine. This mine was opened 
by the Dulin Bauxite Co. to mine the ore on the prop 
erties of H. Hoffmaii, J. D. Richards (surface rights), 
and A. M. Vinson, in the fractional NW^NE% and 
part of the SW^NEK sec. 2.

American Cyanamid and Chemical Corp. chilled 13 
exploratory holes on these properties and later Dulin 
drilled 14 more. Three were also drilled by the joint 
Federal project. A shaft was sunk and the mine began 
operating in 1946. Production continued until the 
close of 1948 or early in 1949.

The mine is in the northern part of the deposit where 
the bauxite was reported to be 10 to 14 feet thick. 
The upper part of the bauxite is pisolitic. The pisolites 
are hard with gray, red and brown to black vitreous 
interiors. The ore is softer below and contains orange 
and tan bauxite fragments in the lower part.

The overburden in this mine was 66 to 100 feet 
thick. The Berger formation above the bauxite-kaolin 
zone was recorded as 23 to 39 feet thick in 3 USBM 
chill holes. The Saline formation is 20 to 38 feet thick 
in these drill holes.

Berry-Mayhan open-pit mine. This mine was de 
veloped by the American Cyanamid and Chemical 
Corp. on the H. J. Mayhan and Lud Berry properties 
in the SW#NE# sec, 2, due south of the Vinson-Hoff- 
man mine. The mine was opened in 1948 and pro 
duced until the early part of 1949.

The overburden on these properties is reported to 
range from 44 to 110 feet in thickness, increasing east 
ward. The Berger formation above the bauxite-kaolin

zone apparently ranges from 16 to 46 feet in thickness 
and the Saline formation ranges from 28 to 70 feet.

Bier man shaft mine (pi. 1, no. 27}. This mine is lo 
cated largely in the NW%SE% sec. 2 on the Bierman 
property owned by Consolidated Chemical Industries, 
Inc. The company drilled 41 exploratory holes to in 
vestigate the deposit in the latter half of 1941 and a 
shaft was sunk in 1942. The mine was inactive during 
World War II and for several years later. Mining of 
low-silica bauxite was resumed in 1948.

Ore slightly more than 20 feet thick has been re 
corded in the central part of the property. T'^e 
bauxite, mostly pisolitic, is low in silica but in places 
the middle and lower parts are high in ferrous iron, due 
to the presence of siderite.

The overburden ranges from 56 to 97 feet in thickness 
in this part of the Woodyardville deposit.

Penzel-Coe shaft mine (pi. 1, no. 28}. A vertical 
shaft was sunk by the Dulin Bauxite Co. in 1943 on 
the Penzel property in the NE^SWK sec. 2 to mine the 
southwest end of the Woodyardville deposit 011 this 
property and the ore on the adjacent Coe property in 
the SW#NWtfSE# sec. 2. Before mining, the two 
properties were prospected by 20 exploratory holes 
chilled by the company and a maximum thickness of 
18 feet of commercial bauxite was recorded in the cen 
tral part of the area. Operations in this mine continued 
until 1946.

Most of the bauxite was pisolitic and contained a 
firm light-reddish-browii material. As in other parts 
of the deposit, the iron content was locally high in the 
lower part of the ore. Between 80 and 111 feet of 
overburden covered the ore.

VICK DEPOSIT

Plate 17

The Vick deposit is a small one near the northeast 
corner of the SW&SEX sec. 35, T. 1 N., R. 12 W., on 
property owned by W. E. Vick. It was discovered by 
company drilling during the thirties. The jo;nt 
Federal project delimited the deposit by 8 drill holes 
spaced about 200 feet apart on a triangular grid. 
The U. S. Bureau of Mines also investigated the clay 
possibilities of a larger area that includes this deposit. 
In the published report (Malamphy and others, 1948, 
v. 4, p. 119-135, fig. 48) it is referred to as the Diyon 
clay deposit.

The bauxite body, a small type 2 deposit, probably 
does not exceed 350 feet in length or a maximum of 
200 feet in width, and is elongate north-northwest. It 
lies across a contact of nepheline syenite and rock of 
Paleozoic age. The rock of Paleozoic age, recovered 
from the drill holes, is a grayish-green clay probably
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derived from a shale, and is part of a large pendant 
that trends south-southwest ward across sec. 35. The 
bauxite has accumulated near the base of a fairly 
steep slope on the east side of a southward-trending 
valley on the buried post-Midway surface.

Most of the ore is tan pisolitic bauxite. It is under 
lain downslope by tan fragmental bauxite grading 
downward into fragmental bauxitic clay above a sicleritic 
fragmental underclay at least 15 feet thick. It also 
grades upward into fragmental bauxitic clay and 
further into fragmental kaolinitic clay, totaling 15 to 
23 feet thick.

The overburden, including the clay cited above 
ranges from 34 to 60 feet in thickness. The Berger 
sediments above the bauxite-kaolin zone are 10 to 21 
feet thick; the Saline formation is 16 to 20 feet.

BEICHABDT DEPOSIT

Plate 2

This deposit is in the N^NW^SW^ sec. 2, T. 1 S., 
R. 12 W., on the L. Reichardt property, and extends 
northward into the S^SWKNWK of the same section. 
It has been mined by the Dulin Bauxite Co. Thirteen 
holes were drilled on this property in 1938-39 by M. J. 
Childress for the owner. Subsequently 17 holes were 
drilled by the Dulin Bauxite Co. The drilling cut 
through 6 to 23 feet of commercial-grade bauxite 
beneath 30 to 82 feet of overburden.

The Reichardt deposit is on the south slope of the 
Pulaski nepheline syenite hill, most of it on the north 
east side of a southeastward-trending valley on the 
post-Midway erosion surface (pi. 2). So far as is 
known, the bauxite-kaolin zone in this tract rests on 
weathered pulaskite. The deposit is bilobate in 
outline and is a composite of two types. The principal 
body, nearly 1,000 feet long and several hundred feet 
wide, and oriented about south-southeast, is a type 2 
deposit composed principally of pisolitic bauxite. A 
lobate type 3 body of later sedimentary bauxite 
extends south-soutliwestward from the northern part 
of the type 2 deposit. Much of this transported 
bauxite downslope rests on lignite and silty clay of the 
Berger formation.

The pisolitic bauxite in the type 2 deposit is a light 
grayish-tan. Before mining operations began the 
upslope part of this ore body was a bed of bauxite 
rubble at least 3 feet thick. It contained abundant 
cobbles and boulders of granitic-textured bauxite as 
well as of pisolitic bauxite. This evidence indicates 
that part of the ore was derived from the erosion and 
transportation of a nearby type 1 deposit upslope, of 
which no vestige other than the transported rock now 
remains.

Eeichardt shaft mine (pi. 1, no. 30}. The type 3 body

in the southwestern part of the deposit was the first 
to be explored. Company drill holes here recorded 
12 to 22 feet of bauxite at depths of 36 to 38 feet, 
overlying lignite and clay. A shaft was sunk and 
production commenced early in 1941. The mine 
operated until 1942, when it was abandoned and the 
collar buried beneath overburden stripped from nearby 
pit workings. The ore mined in this part of the 
deposit was principally a crossbeddecl and stratified 
gravel of hard cherty pisolites, a specimen of which is 
shown in figure 246'. As mentioned elsewhere in this 
report, local high concentrations of titanium minerals 
were reported in this mine.

Eeichardt Extension open-pit mine (pi. 1, no. 29).  
The type 2 bauxite body in this deposit was mined by 
means of an open-pit working, stripped late in 1942 
and operated during 1943. At the close of that year 
the property was released to the owners, A photo 
graph of the pit working, looking southeastward, has 
been published by Malamphy and others (1948, v. 1, 
fig. 1, lower photograph).

BIBNBACH DEPOSIT

By Elmer P. Kneedler 

Plate 19

The Birnbach deposit (Malamphy and others, 1948, 
v. 5, p. 57-77, fig. 53) is about a mile south of Wood- 
yardville on the road to Ironton. Most of it lies within 
the S}^SW% sec, 2 and the N^NWK sec. 11, T. 1 S., R. 
12 W., on properties of F. W. Beadle, B. J. Birnbach, 
G. R. Bressler, G. F. Gruver, J. L. Obe-le, Mrs. D. 
Perry, G. J. Price, John Shook, and H. H. Wenzel. 
Delimiting holes were drilled also 011 adjacent properties 
owned by G. P. Elkins, W. F. Glidewell, W. C. Herrod, 
B. H. Hinson, N. C. Johiiston, Mrs. C. Pierce, W. E. 
and Mrs. W. E. Rowe, Mrs. H. A. Thoma^, and E. H. 
White. Bauxite was found in USBM drill hole 2-038, 
completed on August 25, 1942, in which was recorded 
8.5 feet of ore at a depth of 172 feet. The deposit 
was delimited by 70 drill holes spaced about 300 feet 
apart, most of the holes were drilled between August 
and November 1942. Later, 33 holes were drilled by 
the Reynolds Mining Corp., information from which has 
been used in preparing the subsurface map, plate 19.

The deposit is almost elliptical, its longest dimension 
(about 3,500 feet) trending northeastward. The 
thicker parts, irregularly lobate in outline are made of 
three separate ore bodies linked together by thinner 
and lower grade bauxite. Ore body 1, the south- 
westernmost, has a crude trapezoidal outline about 
1,200 feet long and 400 feet wide as interpreted from 
the drilling data. It is a composite boiy, elongate 
north-northeasterly. The western and southern parts 
are composed of two beds of bauxite separated by as
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much as 4 feet of lignite and brown carbonaceous clay 
or gray silty clay, grading laterally into light-gray to 
bluish-gray sideritic kaolinitic clay. The lower bed, 
a type 2 deposit, reaches a maximum thickness of 12.4 
feet of ore in USBM drill hole 7-023A, near the center 
of the body. The upper bed, a stratified (type 3) 
deposit, reaches a maximum thickness of 9.0 feet in 
USBM drill hole 5-058, at the south end of the body. 
The distribution of the two types of bauxite is shown 
in plate 19.

North-northeast of the first, ore body 2, is broadly 
spindle shaped in plan, elongate N. 45° E., about 800 
feet long and nearly 500 feet wide. The thickest ore, 
in USBM drill hole 5-041, was recorded to be 15.1 
feet thick including 3.8 feet of bauxitic clay in the lower 
part. All the bauxite in this body probably belongs to 
the type 2 classification.

Ore body 3, the northeasternmost, is club shaped in 
plan, about 1,500 feet long, about 800 feet wide in the 
broad southern part, and averages perhaps 250 feet 
wide along the narrower northeast extension. The 
southern part consists mainly of a type 2 bauxite 
deposit, for which a maximum thickness of 23 feet 
was recorded in a Reynolds drill hole (J-124). In this 
drill hole the type 2 bauxite is separated by 5 feet of 
lignite and silty clay from a higher bed of pebbly 
stratified bauxite, 18 feet thick. The upper bed, a 
type 3 deposit, extends northeastward beyond the 
type 2 deposit below. In most places it rests on several 
feet of lignite and silty clay that separate it from gray 
kaolinitic clay below. The relation of the two bauxite 
lenses is shown in plate 19.

Ore bodies 1 and 2 lie mostly on the west slope of a 
subsurface valley that curves south-southeastward to 
south-southwestward. They are separated by a low 
southward-trending Midway ridge from ore body 3, 
the thickest part of which lies in a small valley that in 
early Eocene time drained eastward.

The basement is probably pulaskite, the upper part 
of which where not covered by Midway sediments 
has been completely kaoliiiized. Two pendants of 
greenish-gray quartzite and altered shale, weathered 
to clay at the top, were discovered by drilling a short 
distance west of ore body 1 (pi. 2). Another pendant- 
was reached at the bottom of USBM drill hole 2-111 
southeast of ore body 3.

The bauxite-kaolin zone which includes the Biriibach 
deposit lies on sediments of the Midway group in 
most places on the Wills Point formation. The 
trend of the deposit nearly parallels the trace of the 
buried Midway and nepheline syenite contact, which 
roughly delimits the northwest margin of the deposit. 
The shoreward facies of the Kincaid formation, a 
weathered clayey debris and pebbly gravel derived

from the nepheline syenite and altered sedimentary 
rocks of Paleozoic age, is concentrated in tongues 
that extend up drainage channels on the nepheline 
syenite surface beyond the buried edge of the Vrills 
Point formation. Beneath the deposit these rocks 
finger basiiiwarcl into limestone beds, generally sep 
arated by layers of light-gray clay. Limestone was 
recorded in drill holes along the south and east edges 
of the tract. The greatest thickness of the Kincaid 
formation, 154 feet, was recorded in USBM drill hole 
2-111. It consists of 122 feet of light-gray fossiliferous 
limestone with interbedded gray clay layers, overlying 
32 feet of gray to green soft sandy debris derived mostly 
from pendant rocks of Paleozoic age.

The Wills Point formation consists of as much as 46 
feet of blue-black silty clay, at the top with as much as 
9 feet of varicolored clay laminated with gray ov in 
solid colors. This weathering profile at the top is 
absent locally.

COE DEPOSIT

Plates 17 and 19

The Coe deposit (Malamphy and others, 1948, v. 5, p. 
47-56, fig. 52) is composed of two small bauxite bodies 
in part of the W^SE^ sec. 2. It is on properties of 
B. J. Birnbach, Sam Drain, L. A. Coe, and Hamilton 
and others. It lies about half a mile south-southea?t of 
Woodyardville, mostly beneath wooded, swampy land 
in the Fish Creek drainage basin. It was discovered 
during the delimiting of the Birnbach deposit in 
USBM drill hole 2-113, drilled November 1942, in 
which 6.0 feet of commercial-grade bauxite was re 
corded at a depth of 120 feet. The deposit was de 
limited by 31 drill holes. Later in 1943 the Osage 
Bauxite Co. drilled 4 additional holes in the northern 
part of the deposit, information from which lias b°en 
used in preparing part of plate 17.

The relationship of this deposit to the nearby Wood 
yardville ore body and to the post-Midway erosion 
surface is shown in plate 17 and its relationship to the 
Birnbach deposit in plate 19. The Coe deposit lies in a 
small drainage basin that slopes southeastward and is 
near the upslope edge of the Wills Point formation 
where the sediments wedge out against a clay derived 
from the weathering of nepheline syenite. The 
northern body, a type 2 deposit, is the larger; it is 
broadly spindle shaped, northerly elongate within the 
5-foot isopach about 550 feet long (the northern tip 
not delimited), and is nearly 400 feet wide at its widest 
part. The bauxite of ore grade is principally grayish 
tan, pisolitic, and fairly well indurated in the upper 
part. The south body is about 500 feet long within the 
5-foot isopach, elongate north-northwesterly and only 
a small area near the north tip, where the body is
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composite, exceeds 8 feet in thickness. The south end 
of the south body is a type 2 deposit, overlain in the 
northwestern part by stratified bauxite which is a 
northeastward continuation of the stratified ore in the 
Birnbach ore body 3. The small size and spottiness 
of the Coe deposit renders its mining under any but 
emergency conditions, unlikely.

The overburden covering the north body ranges in 
thickness from about 107 to 137 feet, and above the 
south body ranges from 130 to 175 feet. The section of 
the Wilcox sediments that makes up this overburden 
is similar to that overlying the nearby Birnbach 
deposit.

The lower part of the bauxite-kaolin zone is composed 
of as much as 25 feet of gray kaolinitic fragmental 
clay containing small siderite pellets, and generally 
mottled red in the lower 5 to 10 feet. At the time the 
Birnbach deposit was drilled the characteristics of the 
upper part of the Wills Point formation and the basal 
Berger were not fully known, hence in some drill holes 
the lower part of the red-mottled unclerclay was 
mistakenly referred to the Wills Point and some points 
on the post-Midway erosion surface in the subsurface 
map (pi. 19) may be off as much as 5 feet vertically.

Bauxitic clay, a few inches to 7 feet thick, cream- 
colored or grayish-tan to tan, underlies the baurite 
and also fringes the deposit laterally. Scattered 
through this clay are tan angular to rounded bauxite 
fragments. The bauxitic clay grades imperceptibly 
into the kaolinitic underclay below and, where present, 
into the bauxite above. The bauxite of the upper 
beds (type 3 deposits) in ore bodies 1 and 3 is composed 
of well-sorted transported pisolites of many colors.

Siderite in cavities and veinlets, or in single crystals, 
locally associated in veinlets with small crystals of 
pyrite, appears to be concentrated in the northwestern 
parts of the three ore bodies. The ore high in ferrous 
iron, where plotted with relation to the post-Midway 
erosion surface, lies in the upslope parts of valleys 
but not over ridges. A hardcap of pisolitic high-silica 
bauxite or bauxitic clay overlies the ore along valley 
flanks and terraces. In 23 drill holes the hardcap ranges 
in thickness from 1.4 to 6 feet and averages 2.7 feet. It 
is present in all three ore bodies but best developed 
in ore bodies 1 and 2, probably because so much of 
the upper part of ore body 3 is composed of highly 
sideritic stratified bauxite.

High-silica bauxite and bauxitic clay are overlain 
by kaolinitic clay from 1 to 23 feet thick, generally 
not more than 4 feet thick where it overlies hardcap. 
This overclay contains poorly formed pisolites in the 
lower part, yellowish to reddish siderite pellets, and 
scattered wisps and fragments of carbonaceous clay

and lignite, particularly where the clay is overlain by 
lignite.

The overburden ranges in thickness from 73 to 265 
feet, averaging about 170 feet above the minable ore. 
The Wilcox sediments above the bauxite-kaolin zone 
reach their greatest thickness, 324 feet, in IISBM drill 
hole 7-017, east of orebody 3. The upper beds of the 
Berger formation above the bauxite-kaolin zone range 
in thickness from 13 to 154 feet, reaching their maximum 
thickness in the USBM drill hole 7-017. These upper 
beds include lignite, carbonaceous clay, and gray to 
bluish- or greenish-gray clay, silt, and fine sand. 
Locally the sand contains scattered black grains and 
particles that give it a "salt and pepper" texture. The 
lignite generally occurs in two distinct beds, each 
ranging in thickness from 2 to 36 feet. CHier lignite 
beds are thin and lenticular.

The lower part of the Saline formation consists of 
the typical chocolate-brown silty to sandy carbo 
naceous clay, locally grading to brownish gray. It is 
interbedded, generally in the lower par*, with as 
much as 90 feet of fine brown sand and sandy silt. 
Scattered seams of lignite, less than 2 fe°t thick in 
most places, are common. The upper part of the 
Saline formation consists chiefly of loose quartz sand, 
containing a few scattered lenses of yellow or gray 
plastic sandy to silty clay, some indurated ferruginous 
layers, and lenses of uncousolidated feldspathic gravel. 
In one drill hole much pyrite was recorded in one of 
the gravel layers. The thickness of the upper sandy 
part of the Saline formation ranges from 9 to 92 feet.

GLIDEWELL DEPOSIT

By William N. Laval 

Plate 19

The Glidewell deposit (Malamphy and others, 1948, 
v. 5, p. 103-119, fig. 56) lies mostly within the SE#NW# 
sec. 11, T. 1 S., R. 12 W., on properties of Vr . F. Glide- 
well, E. A. Bobbins, and Mrs. M. D. Waller. Delimit 
ing holes were drilled also on adjacent properties of 
L. A. Hudson, W. J. Price, John Shook, and K. O. 
Williams. The bauxite body was discovered in delimit 
ing the Birnbach deposit. Four and six-tenths feet 
of ore-grade bauxite was recorded at a depth of 209 
feet (USBM drill hole 6-255). Subsequently 43 holes 
were drilled to delimit the deposit.

The deposit, which is pear shaped in plan, consists 
of two distinct beds separated by as much as 2 feet of 
carbonaceous bauxitic clay. The lower and more 
extensive bed, a type 2 deposit, is composed of pisolitic 
and fragmental bauxite as much as 16 feet thick. It 
has been partly truncated by erosion and overlain by 
a type 3 deposit of gravelly bauxite as much as 7.3 feet
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thick. The upper bauxite body, confined chiefly to 
channels, covers the northeastern and central parts of 
the lower body and is absent above the western and 
extreme northern parts and also along the margins.

The ore body is about 1,300 feet long and slightly 
more than 600 feet wide at its broadest part, oriented 
about N. 30° W. The thickest bauxite was recorded 
in USBM drill hole 5-409, in the north-central part, 
where the two beds aggregate more than 23 feet of 
ore-grade bauxite.

The bauxite-kaolin zone surrounding the Glidewell 
deposit lies on the Wills Point formation in a subsurface 
valley which trends southeastward to southward (pi. 
19). The weathering profile at the top of the Wills 
Point formation consists of horizontally banded khaki- 
colored clay in most places; in several it is overlain by 
red- and gray-banded clay, and in one place at least, 
by light-gray clay. The gray fragmental underclay 
beneath the deposit ranges in thickness from about 9 
to 20 feet. It contains a large amount of siderite, the 
FeO content ranging normally from 10 to 15 percent 
and locally as much as 35 percent. The basal 2 to 3 
feet is a mottled red and gray kaolinitic clay filled with 
fragments of banded clay of the Wills Point formation 
many of which are as much as 4 inches across.

The upper bauxite bed is composed mainly of hard 
pebbly pisolites, about one-fourth inch in diameter. 
Most of it is a poorly sorted open-textured gravel, 
bound together by brown crystalline siderite, but the 
lower part has a matrix of gray bauxitic clay. Frag 
ments of hard gray bauxite are fairly common. Along 
the southwest and south margins of the body the upper 
bed passes laterally into gray carbonaceous kaolinitic 
clay containing lignite fragments. The carbonaceous 
bauxitic clay or bauxite layer that separates the two 
bauxite beds is thickest in the north-central part of the 
ore body. Over the west slope of the subsurface valley 
the upper bed is represented by kaolinitic clay and the 
separating layer by black lignitic clay. Over the 
steeper east slope of the valley the separating layer 
contains much siderite and locally can be classed as a 
bauxitic ironstone.

A hardcap of 1 to 4 feet of gray dense pisolitic 
bauxitic clay covers the entire deposit. At the top 
of the sedimentary bed are cherty- or horny-appearing 
masses of kaolinitic rock and streaks of white kaolinite, 
associated locally with siderite. The lower half foot 
of hardcap is horizontally layered with sheets of white 
kaolinite. A kaolinitic overclay lies above the bauxitic 
clay capping.

The ore body lies beneath overburden that ranges 
from 208 to 275 feet in thickness and averages about 
232 feet; this includes as much as 9.3 feet of hardcap

and overclay at the base. The Berger sediments 
above the bauxite-kaolin zone range from 35 to 116 
feet in thickness in two nearby delimiting holes at the 
southeast end of the deposit. Local high relief on top 
of the Berger indicates active post-Berger erosion before 
deposition of the Saline formation. Lignite beds 2 10 
feet thick are interbedded with green or gray silty to 
sandy clay and brown carbonaceous clay in the lover 20 
to 50 feet of the Berger formation above the bauxite- 
kaolin zone. In the upper part only thin lignite layers 
were recorded. The Saline formation ranges from 110 
to 236 feet in thickness, filling depressions on the surface 
of the Berger formation. The chocolate-brown silty to 
sandy carbonaceous clay at the base ranges from 55 to 
218 feet in thickness and is overlain by loose sand or 
clayey sand grading laterally into red, gray, or grayish- 
brown sandy clay ranging from 18 to 99 fe^t in 
thickness. Lignite stringers are common in the basal 
part.

IRONTON AREA

About 5 miles south of Little Rock, in sees. 10, 15 
and 22, T. 1 S., R. 12 W., a buried ridge extends 
northward and southward from the east end of a 
large hook-shaped nepheline syenite outcrop. Along 
the east slope of this ridge, north and south c f the 
village of Ironton, a group of bauxite bodies occurs 
sporadically, most of which are small but several are 
of moderate size. These deposits extend from the 
NEK sec. 10 to the SW# sec. 22 and also underlie part 
of the WK sec. 14.

The buried ridge is bounded on the north by the 
Primrose Church basin. During early Eocene time 
this basin drained southeastward through a narrow 
valley in the NE% sec. 10. The south end of the ridge 
passes beneath sediments of the Midway group. Most 
of the ridge is composed of nepheline syenite, but in it 
are also several pendants of slate, phyllite, and quart- 
zite of Paleozoic age, in the SWJ4 sec. 14 and the E}£ 
sec. 15. Some of the buried pendant rocks were a little 
more resistant than the surrounding nepheline syenite 
to early Eocene erosion. This resulted in the formation 
of a spur ridge of rock of Paleozoic age that trends 
about S. 50° E. and divides the arc of bauxite deposits 
into subequal segments. The east slope of the nepheline 
syenite dips steeply and is overlapped by sediments of 
the Wills Point formation, the surface of which dips 
somewhat less steeply eastward.

The buried nepheline syenite and Wills Point contact 
trends southward and slightly eastward to the end of 
the spur ridge, thence south westward along the main 
ridge. In the NWK sec. 10, the upslope edge of the 
Wills Point formation lies at an altitude of about 65 
feet above sea level, and in the SWK sec. 22 it reaches

452763 58- -14
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100 feet beloAV sea level at one place where pre-Berger 
erosion removed the sediments a short distance from 
their former limit.

Most of the bauxite deposits lie on benches on the 
iiepheline syenite surface at or near the bases of steeper 
slopes. At the north end of this area they are at an 
average altitude of 140 feet above sea level, and at the 
south end they reach 60 feet below sea level. Three 
of the deeper bodies extend over the upper surface of 
the Wills Point. The deposits generally are either 
altered valley-flank accumulations (type 2), valley-fill 
(type 3), or a combination of both.

Most of the ore is pisolitic bauxite commonly under 
lain gradationally by a thin interval of slightly pisolitic 
to nonpisolitic bauxite. The ore bodies all thin out 
laterally into low-grade bauxite and bauxitic and 
kaolinitic clay. The bauxite-kaolin zone wedges out 
abruptly upslope against the iiepheline syenite and 
more gradually doAvnslope in the area lying east of the 
trace of the iiepheline syenite and Wills Point contact.

The bauxite bodies in the Ironton area are covered 
by about 125 to 430 feet of overburden, the thickness 
of which increases from north to south. It is composed 
of lignite, lignitic clay, and silty to sandy gray clay of 
the Berger formation overlain by brown silty to sandy, 
carbonaceous clay and sand of the Saline formation.

All the deposits in this area were discovered by the 
Federal drilling program. A few exploratory holes had 
been drilled earlier by company drillers in and near the 
SE J{ sec. 10. without finding any bauxite.

The Finnegan deposit, although in line with the 
deposits of the Ironton area, lies within the Primrose 
Church basin and is described with the deposits of that 
area.

HEMPSTEAD DEPOSIT

Plate 2

The northern deposits in this area are small and offer 
little promise as potential ore bodies. The northern 
most of these, the Hempstead deposit (Malamphy and 
others, 1948, v. 5, p. 127-131, fig. 58), lies beneath the 
western part of the line that separates the NE^NE^ 
and the SE#NE# sec, 10, 1# miles north of Ironton. 
It was discovered during the investigation of the 
Dreher, Junkin, and Herrod bodies that lie a short 
distance to the south-southwest and explored by 12 
drill holes.

Only two of the drill holes cut through a minable 
thickness of bauxite. In these drill holes pisolitic 
bauxite lies at a depth of 167 to 172 feet, The bauxite 
rests on a fragmental kaolinitic clay mantle above the 
Aveathered iiepheline syenite surface which slopes 
steeply to the southeast (pi. 20). Downslope from the

deposit the gradient of the iiepheline syenite surface is 
more gentle.

The bauxite is overlain by as much as 10 feet of 
bauxite and kaolinitic clay. Above this overclay are 
carbonaceous and fine clastic sediments of the upper 
part of the Berger formation, averaging about 65 feet 
in thickness. They are overlain by chocolate-brown 
silty to sandy clay of the Saline formation, vdth a little 
lignite in the lower part and sandy at the top, aggre 
gating about 105 feet in thickness.

DREHER-JTJNKIN-HERROD DEPOSIT

Plate 20

The first bauxite found by the Federal drilling pro 
gram AA7as in USBM drill hole 1-022 on the George 
Dreher property, drilled on May 14, 1942. Later 36 
holes, spaced 150 to 300 feet apart, were drilled to 
delimit the Dreher-Junkin-Herrod deposit (Malamphy 
and others, 1948, v. 5, p. 132-142, fig. 59) in parts of 
the SEtfNEtf, SW^NEtf, and the NWjiSWtf sec. 10, 
T. 1 S.,R. 12 W.

The deposit consists of three separate bauxite bodies, 
the central one is the largest. The southern two are 
connected by a fringe of low-grade bauxite and bauxitic 
clay. The northern one, however, is separated from 
the central one by a narrow basement ridge. The sub 
surface map (pi. 20) shows their relation to subsurface 
contours drawn on the underclay beneath the bauxite 
deposits. They are small colluvial (type 2) bodies near 
the base of a steep iiepheline syenite slope.

The bauxite is tan to grayish, pisolitic, with a mealy 
soft to moderately well indurated matrix. The piso 
lites, as much as 6 millimeters across, are abundant 
near the top of the bauxite but decrease in number 
with depth. Nonpisolitic bauxite at the base of each 
body grades downward into grayish-tan bauxitic clay. 
Gray fragmental kaolinitic clay, usually 10 feet or 
slightly more in thickness, lies between the bauxitic 
clay and kaolinized syenite below.

In the George Dreher bauxite body, the southern 
most of the three, the bauxite is overlain by 1 to 8 
feet of gray slightly sideritic kaolinitic clay, averaging 
about 4 feet in thickness. In the other two bodies the 
bauxite is overlain by 10 to 18 feet of gray plastic 
kaolinitic clay and bauxitic clay, averaging about 14 
feet in thickness.

The overburden is composed of Wilcor sediments 
aggregating 125 to 180 feet and averaging about 135 
feet in thickness above the George Dreher ore body 
and 165 feet above the Junkin and Herrod bodies. 
These beds consist of the following major units:

1. Gray silty clay with thick and locally massive lignite beds; 
30 to 60 feet thick, averaging about 40 feet. These are 
the clastic and carbonaceous beds of the Berger formation.
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2. Dark chocolate-brown carbonaceous silty clay and beds of 
brownish sand and scattered thin lignite layers, 75 to 100 
feet thick, averaging about 80 feet; the carbonaceous clay 
member of the Saline formation.

3. An upper sequence of grayish sand and clay with some gravel; 
10 to 20 feet thick, averaging about 15 feet. This sequence 
probably belongs mostly to the Saline formation but part 
of it may represent surface wash.

DREHER DEPOSIT

About 1,600 feet, south of the George Dreher ore 
body (pi. 2) is a small deposit, in the SW% sec. 10 on 
the property of W. A. Dreher (Malamphy and others, 
1948, v. 6, p. 64-69, fig. 66). An estimated 16 feet of 
ore-grade bauxite was discovered in USBM drill hole 
3-087 at a depth of 185 feet. This hole was drilled to 
prospect the area between the Dreher-Junkin-Herrod 
and the Sipes deposits. It was offset by others about 
300 feet away, none of which recorded any bauxite, 
and later by additional holes about 175 feet away, two 
of which, one to the northwest and the other to the 
southeast, cut through about. 2 feet of bauxite. The 
deposit is too small to be of commercial interest, at. the 
present time.

SIPES DEPOSIT

Plate 21

The Sipes deposit (Malamphy and others, 1948, v. 6, 
p. 70-80, fig. 67) lies mostly beneath the Franklin Sipes 
property in the NEJINE)^ sec, 15. It is located three- 
eighths of a mile north of the Iroiiton store and about 
a mile east of Highway 167, from which it. may be 
reached by good gravel road. It consists of two sep 
arate bauxite bodies at each side of a small northeast 
ward-trending nose in the basement ridge. The bodies 
are connected across the ridge by bauxitic clay and 
low-grade bauxite. Thirty-four holes were drilled to 
investigate the deposit.

Both bodies rest on residual clay overlying nepheline 
syenite pulaskite (pi. 9.E) and rocks of Paleozoic age 
and are about a quarter of a mile upslope from the 
buried edge of the Wills Point formation. The north 
ore body accumulated in a small valley along the con 
tact, of the nepheline syenite and the rocks of Paleozoic 
age and the south ore body at the base of a steep slope 
along the same contact. The upper surface of the 
deposit dips about 7° NE.

The bauxite of the Sipes ore bodies consists of a 
soft mealy tannish-gray or buff variety with pisolites 
making up 30-50 percent of the rock and a tan non- 
pisolitic type. In most of the drill holes the 11011- 
pisolitic bauxite was found to grade downward into 
tannish-gray bauxitic clay, underlain by bluish-gray 
fragmental clay. No high-silica hardcap, such as is 
common in many of the bauxite bodies in Pulaski 
County, is present on the Sipes deposit. However,

the silica content is lower toward the middle cf the 
ore body. Some parts are higher than others in 
ferrous iron content, which occuz's principally in irreg 
ularly distributed granular siderite. Pellets of siderite 
are found in the bauxitic and fragmental underplays. 

The overburden ranges in thickness from 211 to 283 
feet and averages about 263 feet. Over most cf the 
deposit, a thin bed, about 2 feet thick, of carbonaceous 
clay or lignite lies at the top of the bauxite-l'aolin 
zone, pinching out westward. The upper larger 
sediments that overlie this bed consist of light-gray 
to gray silty to sandy clay with several thin inter- 
bedded lignite layers and a 20-foot interval of lignite 
and lignitic clay near the middle. The lower part 
of the Saline formation consists of about 140 feet of 
dark-brown to grayish-brown carbonaceous silty clay, 
with a few thin lignite seams near the top and bottom. 
The clay is interbedded with fine laminae of quartz 
and mica. The upper part of the Saline formation is 
composed of sand, silt, and sandy clay ranging in color 
from creamy white to yellowish brown, and gray, but 
has little lateral continuity. It ranges from 4C feet 
in thickness above the larger ore body to 75 feet r,bove 
the smaller.

NORTH AND SOUTH IRONTOtf DEPOSITS

By Hal G. Stephens 

Plate 21

The Iroiiton deposits (Malamphy and others, 1948, 
v. 6, p. 88-101, figs. 68, 69) are about 2 miles er,st of 
Highway 167 and about 6 miles south of the city of 
Little Rock. The North Ironton body is north and 
northeast of the Ironton church, beneath the prop 
erties of E. W. Dixon and D. F. Kumpe, in parts of 
the SE^NEK sec. 15 and the SW#NW# sec, 14. The 
South Ironton body lies a few hundred yards east and 
slightly south of the church, mainly under|the properties 
of W. H. Dreher and W. R. Heasley in part of the 
N#SW# sec. 14.

The north body was discovered in USBM drill hole 
3-018 and the south body in drill hole 3-019; both 
were drilled in August 1942. The discovery ho1 *1, of 
the north body was drilled at the edge of the deposit 
and cut through only bauxite clay. Two weeks later 
USBM drill hole 5-001 was drilled about a thousand 
feet west of it, and cut bauxite estimated to be 12 feet 
thick.

The North and South Ironton deposits are typical 
valley-fills with their upslope part each lying in the 
center of a broad shallow valley, the downslope part 
forming an apron along the slope. The bauxitic rock 
lies on gray kaolinitic underclay, the physiographic 
conformation of winch is similar to that of the under-
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lying basement rocks (pi. 21). A total of 36 holes 
were drilled to delimit the north deposit and 35 to 
delimit the south deposit; most of these were drilled 
200-300 feet apart. Additional holes were drilled 
later by the Reynolds Mining Corp.

The basement consists of nepheline syenite and 
rocks of Paleozoic age. The latter occur in three 
pendants, one north of the north body, one between 
the two bodies, and the third south of the south body. 
Twenty-seven of the drill holes were bottomed in this 
type of rock, identified in the field principally as 
quartzite or hard metamorphosed shale.

The bauxite of the two Ironton ore bodies is gray to 
tan or buff, compact and hard at the top and generally 
firm throughout the section. In several drill holes the 
lower part was mealy and crumbly. Hard aggregates 
of granular siclerite occur in both bodies but are not 
limited to any particular zone. Most of the bauxite 
is pisolitic, but the lower part of both bodies contains 
intervals in which the pisolites are small or absent. 
The bauxite grades downward into bauxitic clay, 
generally 3 to 4 feet thick, but locally reaches a thick 
ness of 8 feet. Both bodies are enclosed in kaolinitic 
clay.

The overburden above the north ore body ranges in 
thickness from 256 to 285 feet and averages about 270 
feet; above the south ore body the thickness ranges 
from about 264 to 305 feet and averages about 283 feet. 
The lower part of this overburden consists of carbo 
naceous and clastic sediments of the Berger formation 
from 25 to 90 feet thick. This is overlain by a dark 
brown sandy micaceous silt from slightly less than 100 
to 190 feet thick. Thin lignite beds, sand, and buff- 
colored clay layers are common in this silt. The lower 
part consists of 20 to 50 feet of dark grayish-brown 
silty clay, which was recognized in most of the Ironton 
area. The uppermost part of the overburden is 
composed of 20 to 70 feet of sticky silty gray or yellow 
clay, interbedded in places with thin sand layers. 
This clay and the underlying silt represent the Saline 
formation.

BROWN DEPOSIT

By Richard C. Shelton 

Plate 22

The Brown deposit (Malamphy and others, 1948, 
v. 6, p. 102-118, figs. 70) lies in parts of the SEK sec. 15 
and the SWJflSWtf sec. 14, T. 1 S., R. 12 W., on the 
properties of R. L. Brown, W. R. Heasley, J. E. 
Maughan, T. A. Dillaha, John and Eva Rose, and 
G. E. Spickes.

It was discovered in USBM drill hole 3-010, drilled 
August 27, 1942, from which was recovered a few feet 
of hard pebbly bauxite overlying a few inches of lignite

and carbonaceous clay. The main part of the body was 
drilled several days later in USBM drill hole 3-012, re- 
drilled as USBM 5-114A and the ore was recorded as 
nearly 10 feet thick at this point. The deposit was pros 
pected by drilling 74 holes, most of which were spaced 
about 200 feet apart. Because the part of the body 
containing minable grade bauxite was found to be 
narrow, additional holes were drilled across it on 100- 
foot centers. The Reynolds Mining Corp. further 
prospected part of the deposit by drilling 15 holes.

The deposit lies in a small subsurface valley that in 
early Eocene time drained southeast from iiepheline 
syenite and rocks of Paleozoic age on to the Wills 
Point surface (pi. 22).

The basement rocks are nepheline syenite and meta 
morphosed rocks of Paleozoic age and their residual 
weathered derivatives. Overlying the rock cf Paleozoic 
age near the buried contact with the nepheline syenitic 
rocks, a soft, loosely consolidated mixture of green and 
white clay, siderite pellets, feldspar fragments, and 
small hard green, tan, and gray rock chipe, probably 
Paleozoic, was found in a few of the drill holes. A 
maximum thickness of 76.3 feet of this material was 
recorded in drill hole 7-120. Although it does not ap 
pear to be residual, it is below the surface upon which 
the bauxite-kaolin zone was deposited, and it may rep 
resent a zone of deeper weathering along the contact. 
The mixture of fragments of decomposed nepheline 
syenite and rock of Paleozoic age may be the result not 
of transportation of the decomposed mater als but of 
original intrusion of the rocks of Paleozoic age by the 
nepheline syenite.

The length of the bauxite body is nearly 2,000 feet in 
a northwesterly direction; the width locally exceeds 300 
feet but is generally less. The upslope part dips south- 
westward about 5° and the downslope part much more 
gently. A maximum thickness of 21.3 feet of bauxite 
of 32 percent or more of available alumina v^as reached 
in USBM drill hole 5-124.

The bauxite consists of a pisolitic type 2 deposit 
overlaiu locally by a pebbly type 3 deposit. Along the 
southwest side of the Brown deposit the two types of 
bauxite are separated by a wedge of carbonaceous or 
highly sicleritic silty clay as much as 3 feet thick. A 
small lobe (shown on pi. 22 as a separate body) near 
the head of the deposit and at its southwest side is 
composed of alluvial bauxite only and overlies gray 
carbonaceous clay containing a thin lignite layer.

The bauxite of most of the Brown deposit rests on 2 
to 5 feet of light-grayish tan bauxitic clay, containing 
subangular dark-gray or orange clay fragments and a 
few small siderite pellets. This in turn rosts on the 
typical light-gray fragmental kaolinitic underclay.

Two to five feet of bauxitic clay or high-silica bauxite
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overlies the bauxite of ore grade in most of the drill 
holes. Pebbles of dark cherty high-alumina rock like 
those in the stratified bauxite below are scattered 
locally. Analysis of a pebble from USBM drill hole 
7-118 showed that it contained 60.2 percent A12O3 and 
7.1 percent SiO2 . The pebble was in a 1-foot core 
sample that contained 49.9 percent A12O3 and 17.0 per 
cent SiO2 .

A high-silica bauxite hardcap was penetrated in six 
holes along the north side of the ore body a hard gray 
bauxitic rock from which most of the pisolites have been 
leached.

Above the bauxitic rock is an average 5-foot interval 
of gray kaolinitic clay containing many fragments of 
gray clay and carbonaceous matter. At the top of this 
overclay in USBM drill hole 5-114A a root fragment 
about 5 inches long and three-sixteenths of an inch in 
diameter, carbonized and retaining its woody texture, 
was found in a vertical position in the core.

The overburden, including the upper part of the 
bauxite-kaolin zone, ranges in thickness from 224 to 
291 feet and averages about 255 feet. Carbonaceous 
and clastic sediments of the Berger formation overlie 
the bauxite-kaolin zone and have an average thickness 
of 54 feet. These sediments consist principally of 
interbedded gray and green silty to sandy clay and 
lignite. Two principal lignite and lignitic clay beds 
extend over most of the deposit and range in thickness 
from 5 to 20 feet. The middle part of the overburden 
contains the carbonaceous clay member of the Saline 
formation, with an average thickness of about 118 
feet. Thin seams of lignite are not restricted to airy 
definite zone. The upper part of the overburden 
consists of sandy beds of the Saline formation averaging 
about 75 feet in thickness. Most of this sequence is 
composed of buff, tan, reddish brown, or yellow loose 
fine- to medium-grained fairly well rounded quartz 
sand, containing thin beds of pink, yellow, and gray 
sandy to silty clay, and locally a few fragments of lignite.

MA.UGHAN DEPOSIT

Plate 22

The Maughan deposit (Malamphy and others, 1948, 
v. 7, p. 3, fig. 71; v. 10, p. 11-20) is a small type 2 
bauxite body in the SW^SE&SEK sec. 15 on the 
property of J. E. Maughan, about 600 feet southwest 
of the Brown deposit and on the west slope of the same 
subsurface valley. About 30 holes were drilled to 
investigate this deposit, most of which were spaced 
approximately 200 feet apart.

The deposit, part of which lies over the Wills Point 
formation, dips northeastward about 3°. The bauxite 
is gray to tan, pisolitic, and most of it is well indurated.

The overburden ranges in thickness from 244 to 280

feet and averages about 256 feet. The section is 
similar to that overlying the Brown deposit.

NEAVMAN-KENDRICK DEPOSIT

Plate 23

The Newmaii-Kendrick deposit (Malamphy and 
others, 1948, v. 8, p. 77-93, fig. 84) is in the NE% sec. 
22 about three-fourths of a mile southwest of Ironton. 
The major part is on the property of H. E. Kendrick 
and Mrs. A. L. Newman. Bauxite was discovered in 
USBM drill hole 2-096C drilled January 1, 1943, and 
was later delimited by 58 drill holes.

This is a narrow, sinuous, colluvial deposit along a 
weathered nepheline syenite slope (pi. 23). Mo^t of 
it lies upslope from the edge of the Wills Point forma 
tion, which thins out against the nepheline syenite 
(pi. 23). Two small valleys that drained eastward in 
early Eocene time contain the thickest bauxite.

The deposit is about 2,000 feet long and as much 
as 400 feet wide, elongate north-northeast; the OTO of 
minable thickness, however, is not continuous for the 
entire length of the body. Bauxite of ore grade is 
distributed as in a typical type 2 deposit. Granular 
siderite is distributed irregularly through the bauxite, 
particularly in the lower part of the body. In several 
places the lower part is pisolitic and grades downward 
through gray pisolitic bauxite and pisolitic bauxitic 
clay to pisolitic kaolinitic clay which overlies fragmental 
kaoliiiitic clay. The ore is surrounded by an envelope 
of low-grade bauxite and bauxitic clay. In several drill 
holes along the upslope edge of the deposit 1 to 2 feet 
of siliceous hardcap was found above the ore.

The overburden above the ore ranges from 242 to 319 
feet in thickness and averages 280 feet. The BQrger 
sediments that lie above the deposit are 47 to 85 feet 
thick and average 68 feet. The lower 2 to 12 fe°,t of 
these sediments consists of low-grade bauxite and high- 
alumina clay at the top of the bauxite-kaolin zone; the 
upper part is composed of lignite, gray silty clay, and 
greenish-gray sand. The chocolate-brown sandy to 
silty clay member of the Saline formation is 76 to 163 
feet thick, averaging about 104 feet. Localry, where 
the member is thickest, the basal part is made up of 
loose quartz sand or brownish clayey sand, averaging 
about 63 feet in thickness. The upper member of the 
Saline formation, 87-126 feet thick and averaging; 108 
feet, is composed of white quartz sand containing beds 
of tan to gray sandy clay.

SMITH DEPOSIT

Plate 23

The Smith deposit (Malamphy and others, 1948, v. 
8, p. 94-105, fig. 85) is located in parts of the NE#7-Wtf 
and the NWtfSE# sec, 22, on the properties of H. Y.
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Smith and E. Kumpe. The deposit was discovered in 
USBM drill hole 2-144, drilled in February 1943, and 
delimited by 40 additional holes.

The deposit fills a small lateral valley 011 the post- 
Midway erosion surface at the base of a steep slope of 
nepheline syenite (pi. 23). The larger part lies 011 top 
of the Wills Point fonnation, near the edge where the 
Paleocene marine sediments thin, out against the nephe 
line syenite (pi. 23).

The deposit is subtriangular, about 900 by 700 feet 
across, with the long dimension in an east-southeasterly 
direction. It dips about 6° SE. The bauxite is chiefly 
pisolitic, tannish gray to tan in color and grades down 
ward into bauxite with fewer pisolites, much like that 
in the Newman-Kendrick deposit. Granular siderite 
is scattered through it, in the lower part. A hard si 
liceous capping as much as 2 feet thick covers most 
of the body. The ore is surrounded by low-grade 
bauxite and bauxitic clay. There is an underclay of 
fragmental kaolinitic clay. Bauxitic and kaolinitic 
clay as much as 6 feet thick overlie the ore body.

The overburden ranges from 327 to 373 feet in thick 
ness and averages about 356 feet. It is similar to that 
of the Newman-Kendrick deposit.

COLE AND HOLLENBEKG DEPOSITS

By Jack B. Collins 

Plate 23

Two small deposits lie a short distance southwest of 
the Smith deposit. They are the southernmost in the 
Ironton area and the deepest in the Pulaski mining 
district. Because of their depth and relatively small 
size it is not likely that they will be mined under present 
economic conditions. The Cole deposit (Malamphy 
and others, 1948, v. 9, p. 3-8, fig. 86) is located in the 
SE^SWK sec. 22 and the smaller Hollenberg deposit 
(Malamphy and others, 1948. p. 9-14, fig. 87) in the 
SW^SW% sec. 22. Eighteen exploratory holes were 
drilled to investigate each deposit.

Both deposits are in small valleys on the post-Mid 
way erosion surface, cut into the southeast slope of the 
buried nepheline syenite ridge and tributary to a larger 
drainage system southeastward (pi. 2). The bauxite 
occurs at breaks in slope on the sides and bottom of 
these valleys. The Cole deposit lies about 300 feet and 
the Hollenberg deposit 1,000 feet northwest and up- 
slope from the buried edge of the Wills Point formation 
(pi. 23). The Wills Point formation is underlain by a 
relatively fresh gravel of nepheline syenite and feldspar 
fragments in a clay matrix, that locally grades to coarse 
sand and is calcareous in places, probably of Kincaid 
age. Locally the detritus extends upslope beyond the 
edge of the Wills Point formation. Between weathered

nepheline syenite and the bauxite in the deposits is 10 
to 20 feet of gray fragmental sideritic kaolinitic clay, 
bauxitic in the upper part.

The bauxite in both deposits is gray, buff, or red, 
pisolitic, or locally pebbly, and most of it is hard and 
brittle. Siderite is irregularly distributed tl rough the 
bauxite in small crystalline masses filling cavities and 
pore spaces. Along the upper flanks of the Cole bauxite 
body are small masses of secondary kaolinite as much 
as 15 millimeters across, which are gray, hard, and 
cherty looking.

On the Hollenberg property two small lenticular 
bodies are connected by a thin sheet of br,uxite, de 
posited mostly on the valley slopes. In the more 
northerly of the two, an upper bed of stratif ed pebbly 
(type 3) bauxite was found in USBM drill hole 10-129. 
It is separated from the lower colluvial (type 2) deposit 
by gray to buff hard porcellaneous clay. In the deposit 
on the Cole property the ore-grade bauxite is 17 feet 
thick in the valley bottom and thins gradually toward 
the north and east and abruptly toward the south and 
west, The body dips 2°-4° SW.

Bauxitic and kaolinitic clay, as much as 10 feet thick 
on the Cole property and 14 feet thick on the Hollenberg 
property, overlies the bauxite of minable grade.

The depth to the top of the bauxite-kaolin zone on 
the Hollenberg property ranges from 322 to 384 feet 
and averages 360 feet; on the Cole property it ranges 
from 354 to 380 feet and averages 363 feet. The thick 
ness of the carbonaceous and clastic beds of the Berger 
formation in the lower part of this overburden ranges 
from 8 to 136 feet and averages 64 feet. The lower 
member of the Saline formation, a chocolate-brown 
silty, micaceous, carbonaceous clay contairing much 
brown loose sand and interbedded thin lignite layers 
in the lower part, averages 189 feet in thickness. The 
upper member, of gray and brown sandy clay inter- 
bedded with loose brown sand, averages 107 feet thick.

JENNINGS LAKE AREA

The bauxite deposits described below are in sees. 16 
and 21 and the west edge of sec. 22, T. 1 S., K. 12 W., 
Pulaski County (fig. 58). The land surface in the vicin 
ity of Jennings Lake is rolling to flat and partly wooded; 
much of it is under seasonal cultivation. The deposits 
are within a mile of Highway 167, and are reached by 
all-weather roads.

They lie west of the crest of the buried ridge of 
nepheline syenite that extends southward fron the large 
hook-shaped outcrop at the intersection of s°cs. 9, 10, 
15, and 16 (pi. 2). The west slope of this ridge is cut 
by many subsurface valleys, most of which trend 
southwestward. The bauxite deposits are along the 
slopes of these valleys with a general southwesterly
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elongation of the larger bodies and alinemeiit of groups 
of smaller bodies. Most of them lie on the nepheline- 
syeiiite surface as much as three-eighths of a mile 
upslope from the edge of the Midway sediments, but 
several are on the Midway formation surface as much 
as a quarter of a mile downslope from the edge. The 
buried valleys that contain the deposits are tributary 
to a major drainage system that during early Eocene 
time passed between the Pulaski and Ledbetter 
nepheline-syenite hills.

The earliest prospecting in this area consisted of a 
few holes drilled by the Republic Mining and Manu 
facturing Co., in the S% sec. 16, but although bauxite 
was recorded in several of them, apparently none of 
it was commercial. Wildcat drilling by the joint 
project, which was begun in July 1942, was done more 
systematically in 1943, after exploration of the Ironton 
area was virtually completed. The program early in 
1943 was a triangular pattern of drill holes on 1,000-foot 
centers laid out to follow the buried edge of the Midway 
sediments. It was during this time that most of the 
ore bodies were discovered.

The bauxite in these bodies is nearly all pisolitic, as is 
characteristic of most other colluvial (type 2) bodies 
in the Pulaski district. In saddles near the south end 
of the nepheline-syenite ridge granitic bauxite was 
recorded in several drill holes and was believed to be in 
place. Also, in the Hummel deposit, the type 2 body 
is overlain by lignite and by a stratified or crossbedded 
type 3 bauxite deposit.

The ore bodies in this area lie at depths ranging from 
95 to 450 feet below the surface. They are covered by 
sediments of the Wilcox group, including lignite, 
lignitic clay and gray-green silty to sandy clay of the 
Berger formation, overlain by brown carbonaceous silty 
to sandy clay and clayey sand of the Saline formation.

ALPORD-ROSS DEPOSIT

By Finis M. Sanford 

Plate 24

The Alford-Ross deposit (Malamphy and others, 
1948, v. 9, p. 54-95, fig. 89) is in the W#SE# sec. 21 
and extends in several places into adjacent parts of 
sees. 21 and 28. Most of it is on properties of B. J. 
Alford, S. J. Jefferson, G. E. Naylor, J. H. Richmond, 
and F. L. Ross. Delimiting holes were also drilled on 
properties of Matt Bailey, C. E. Bennett, J. B. Burch, 
W. H. Dreyer, and Henry Rummel. The deposit is 
about 1 mile by gravel road east of Pratt's store, 
which is on Highway 167 about 9 miles from the 
center of Little Rock.

The ore was discovered in USBM drill hole 1-226, 
drilled May 26, 1943, in which 15.1 feet of bauxite 
was cut at a depth of 267 feet. About 140 holes were

drilled between late May 1943 and early March 1944 
to delimit the deposit.

The nepheline syenite rocks form a prominent south- 
westward-trending ridge beneath the Alford prop arty. 
This is the south extension of the main subsurface ridge 
that separates the Ironton and Jennings Lake areas. 
The southwestemmost drill hole of the Alford-Ross 
group (USBM 17-048) bottomed at the west base of 
the ridge in a hard dense dark bluish-gray pulaskite. 
The feldspathoidal rocks, where they coincide with the 
post-Midway erosion surface, have been weathered to a 
residual kaolinitic clay to depths that reach 65 feet.

Sediments of the Midway group wedge out against 
the west slope of the ridge. They include typical 
clastic beds of the Kincaid formation, and blue-t^ack 
silty clay of the Wills Point formation weathered at the 
top. In the northwestern part of the drilled area the 
Wills Point sediments slightly overlap those of the 
Kincaid, but in the southwestern part, as shown in 
plate 24, the debris extends upslope a short distance 
beyond the edge of the Wills Point formation.

The Alford-Ross ore body is irregularly trilobate in 
outline. The main part, oriented about N. 35° W., is 
slightly more than 1,900 feet long and has a maximum 
width of about 600 feet within the 5-foot isopach. 
Most of it lies diagonally across the west slope of the 
buried nepheline syenite ridge, but part of it is at the 
crest of the ridge, and two small lobes extend clown 
gullies on the east slope. Another arm stretches about 
1,200 feet S. 30° W. from the north-central part of the 
ore body, along the lower west slope of the ridge. The 
northwest and southwest ends of the body extend out 
a short distance over the buried edge of the Midway 
sediments. The rest of the ore body overlies the 
weathered nepheline syenite surface from which it is 
separated by a bluish-gray fragmental underclay as 
much as 17 feet thick. The underclay is fine grained, 
even textured, and compact in the upper part, but 
contains many angular gray to white clay fragments in 
the lower part.

Three different types of bauxite deposits contribute 
to the unusual shape of this ore body. Along the crest 
of the subsurface ridge the nepheline syenite has been 
altered in part to bauxite or bauxitic clay that exhibits 
a relict granitic texture (type 1 deposit), generally 
underlain, surrounded, or in places veined by kaolinitic 
clay, part of which also retains the texture of the 
original nepheline syenite (USBM drill holes 1-250, 
5-204B, 5-205, and 7-199B). Granitic-textured baux 
ite reaches a maximum measured thickness of 13.4 
feet in USBM drill hole 7-199B. This materiel at 
the summit of the ridge is not overlain by pisolitic 
bauxite, but rather by fragmental bauxite or bauxitic 
clay. A small accumulation of bauxite at the crest
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of the ridge between the Alford-Ross and Rummel 
deposits (USBM drill holes 1-243 and 1-244B) is also 
of this type.

Dowiislope the type 1 deposit in the Alford-Ross 
body is overlapped by pisolitic bauxite and fragmental 
bauxite that has many of the normal characteristics of 
a type 2 deposit. Fragmental bauxite underlies piso 
litic bauxite and patchy areas are near the base of the 
ore in the northeast-, east-central, and southeast parts 
of the ore body where fragmental detritus appears to 
be made up largely of material with a faint granitic 
texture.

Most of the bauxite in the deposit is gray to tan and 
pisolitic. The thickest ore in the deposit was recorded 
in USBM drill hole 3-272 which cut through 21.6 feet 
of pisolitic ore. In the northwestern part of the deposit 
the bauxite is clayey and sparsely oolitic. The oolites 
average about 1.6 millimeter in diameter and make up 
10 to 15 percent of the rock.

In the northeastern part of the Ross property, 
several hundred feet northeast of the Alford-Ross 
deposit and almost the same distance west of the 
Rummel deposit, is a small boomerang-shaped (type
2) body composed largely of soft pisolitic bauxite, 
overlain at the northeast tip by a bed of stratified (type
3) bauxite. It is about 700 feet across the longest 
dimension within the 5-foot isopach. It rests mainly 
on small ridges at either side of a northwestward- 
trending gully on the post-Midway surface, and its 
concave side faces northwest.

Places where types 1 and 2 deposits are overlain by 
bauxite of alluvial deposition (type 3 deposits) are 
shown in plate 24. The best developed lens of this 
type covers the southwest lobe of the Alford-Ross ore 
body. The thickest stratified ore is 6.6 feet in USBM 
drill hole 3-29IB, not counting an additional 2.7 feet 
probably of the same material that was lost in coring. 
In this drill hole only 0.7 foot of gray bauxitic clay was 
recorded between the upper bed and the ore of the 
type 2 deposit below. In others, nearly 19 feet of 
pisolitic bauxitic clay, kaolinitic clay, lignitic clay, and 
lignite were penetrated between the two ore layers.

The bauxite of minable grade is surrounded by an 
envelope of low-grade bauxite and bauxitic clay. Its 
thickness below the ore body averages 2.2 feet and 
above the ore body, 1.9 feet. Locally, a high-silica 
hardcap is as much as 2 feet thick containing secondary 
cherty-looking kaolinite in veins, stringers, and scat 
tered masses. Above the bauxitic part of the deposit 
is a gray to white kaolinitic clay layer, the thickness 
of which ranges from 6 inches to 3 feet.

The overburden above the Alford-Ross deposit, 
including the bauxitic and kaolinitic clay mentioned 
above, ranges from 264 to 382 feet in thickness and

averages about 315 feet. The smaller Rosr deposit is 
covered by from 250 to 284 feet of overburden. The 
little type 1 body at the brow of the subsurface ridge is 
223 to about 245 feet below the surface.

The Wilcox sediments above the bauxite-kaolin 
zone in the drilled area range from 185 to 430 feet in 
aggregate thickness. The carbonaceous r,nd clastic 
beds of the Berger formation contain many stringers 
of reworked pisolitic kaolin and bauxite, particularly 
where they fringe the slopes of the buried nepheline 
syenite ridge. The Berger formation, including most 
of the bauxite-kaolin facies, is absent in p] aces along 
the higher parts of the ridge, but over valleys the 
clastic and carbonaceous part reaches a maximum 
thickness of 150 feet. Lignite generally if distinctly 
bedded and thick in the lower part.

The lower brown clay member of the Saline forma 
tion contains stringers of woody lignite several inches 
thick, which are more abundant near the b^se. Along 
parts of the buried ridge the brown clay directly overlies 
kaolinized nepheline syenite or rocks of the bauxite- 
kaolin zone. The clay member ranges in thickness 
from 118 to 160 feet.

The upper part of the Saline formation in this area 
consists of fine- to coarse-grained loosely consolidated 
sand composed largely of angular to subang'ilar quartz 
grains. The sand contains scattered lenses of gray and 
red-mottled sandy plastic clay. A 4- to 5-foot bed of 
this clay is usually at the base of the interval, overlain 
by a coarse clear water-bearing sand as much as 4 
feet thick.

RUMMEL DEPOSIT

By Horace W. McGee 

Plate 24

The Rummel deposit (Malamphy and others, 1948, 
v. 9, p. 15-52, fig. 88) is in parts of the E# sec. 21 and 
the W^ sec. 22. It is on properties of Pauline Barren, 
Mrs. C. J. Pinkerton, Henry Rummel, E. L. Shackel- 
ford, and Lewis Treadway, about 9 miles by road south 
of the city of Little Rock. Part of the ore has been 
mined by the Pulaski Mining Co.

A bed of bauxite 18.1 feet thick was discovered in 
USBM drill hole 3-147, completed March 22, 1943. 
Subsequently, 125 holes were drilled to delimit the ore.

The deposit is irregular in outline, with its long axis 
trending about N. 40° E. Its maximum length within 
the 5-foot isopach is about 2,700 feet, and its width 
ranges from 120 to 700 feet. It has two small branches, 
one of which is L-shaped and extends northwestward 
from near the middle of the ore body. This branch has 
a maximum length of about 950 feet and ranges from 
40 to 340 feet in width. The other branch extends 
southeastward across a saddle in the nepheline syenite
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ridge for nearly 700 feet, and its width ranges from 250 
to 270 feet.

The bauxite occurs as a lenticular blanket of weath 
ered detritus lying for the most part on the northwest 
slope of the buried ridge of nepheline syenite, down to 
a little beyond the change of grade at its base. The 
thickest ore lies in a natural basin at the head of the 
drainage system, v^here the slope abruptly changes 
from steep to gentle. Some of the bauxite, with a 
granitic texture, remains in the place of its formation 
on the weathered nepheline syenite surface, along the 
top of the buried ridge.

Bauxitic clay, several feet thick, surrounds the bauxite, 
and locally where there are two or more layers of ore, 
it occurs as a separating layer. It overlies as much as 
25.8 feet of gray fragmental sideritic kaolinitic under- 
clay.

Most of the bauxite of ore grade, particularly in the 
downslope part, is pisolitic or is composed of reworked 
pisolites and constitutes a type 2 deposit. For this 
type of deposit a maximum, of more than 24 feet of 
high-grade pisolitic ore was recorded in USBM drill 
hole 4-045B in the northeastern part of the deposit, 
overlain by an additional 8.4 feet of stratified (type 3) 
bauxite. In this part of the deposit the bauxite is 
hard, friable, high in iron content, and low in silica.

In the hook-shaped arm on the Treadway property 
the bauxite is soft and clayey and relatively low in 
iron and silica. A bauxitic clay layer as much as 4 
feet thick is in the upper part of the bauxite in the 
eastern part of this small body. Pisolitic bauxite in 
the southwestern part of the deposit is soft to hard, 
friable, relatively high in silica, and low in iron. In 
one drill hole near the southwest end, a considerable 
thickness of granitic-textured bauxite was cut, the 
lower few feet of which is believed to be in place and to 
represent the root of a truncated type 1 deposit.

Beneath the pisolitic bauxite in the main ore body, 
along the slope of the main basement ridge, and also 
within the arm of the deposit that extends to the 
southeast, is a lenticular mass of clayey fragmental 
bauxite generally lower in silica than its appearance 
would indicate, as it resembles kaolinizecl nepheline 
syenite debris more than bauxite. It has a firm mealy 
or clayey matrix, soft and crumbly in most places, 
containing few to many fragments of orange or tan 
bauxite and white or gray kaolin. Many bauxite 
fragments have a recognizable granitic texture. Along 
the foot of the slope granitic-textured bauxite bodies, 
as much as 3 feet thick, were recorded in several drill 
holes (USBM 3-166, 3-181, 8-010, 8-011). They lie 
directly beneath pisolitic bauxite or separated from it 
by 1 to 2 feet of fragmental bauxitic clay, are underlain 
by bauxitic to kaolinitic fragmental underclay, and

were not cut in offset holes drilled within 25 feet. 
They are interpreted as boulders along the outer 
downslope fringe of the fragmental bauxite mantle. 
Their presence here indicates that most of this detritus 
was derived from the erosion and transportation of 
bauxitic material from type 1 deposits higher on the 
basement ridge.

Stratified bauxite is distributed over the downelope 
parts of the deposit in two lenses (pi. 24) that possibly 
connect. This type 3 deposit has a maximum krown 
thickness of 10.3^ feet in USBM drill hole 1-212A. It 
is separated by 2.0 feet of lignite from the type 2 deposit 
below, 20.8 feet thick in this same drill hole. The 
sedimentary bauxite is thinly and flatly bedded in 
some places, as shown in a photograph taken in the 
underground mine (fig. 27); in others it is crossbeddecl. 
In the central part of the deposit the lignite dips to the 
northeast locally as much as 10°. Locally, the two 
bauxite beds are separated by a sideritic layer, shown 
in the photograph (fig. 27), that probably is a lateral 
extension of the lignite bed.

In one place, near the center of the mine workings 
accessible in October 1948, the lignite was underlain 
by several inches of tan bauxite sand. Discarded in 
early mining operations, the sand later was fourd to 
contain more than 60 percent A12O3 and is one of the 
highest grade varieties of bauxite in the deposit. In 
one drill hole near the center of the ore body (USBM 
1-218) are two separate lignite layers indicating at 
least three distinct periods of bauxite deposition.

Much of the siderite occurs in crystalline masses, 
lenticular layers, veinlets, and scattered grains. During 
the underground development of the deposit, the 
siderite bodies in the bauxite were not easily recognized 
until the mine face had been exposed to the air for 
several days. The red oxides that formed then, 
clearly outlined the parts containing high-iron content. 
Many of the oxides are small, elliptical, and scattered 
in a sort of polka-dot pattern. The greatest concen 
tration is in the lower and middle parts of the deposit, 
rarely in the upper. Much of it is near the upslope part 
of the ore body, and is in the pervious bauxite layers.

Although the upper part of the bauxite is higher in 
silica than the middle part, a true hardcap was found 
only in the northwestern part of the deposit, where in 
several drill holes layers of hard siliceous bauxite, from 
a few inches to slightly more than 6 feet in thickness, 
were recorded. No kaolinitic overclay is above most 
of the ore; the bauxitic material is overlain by lignite. 
In the upslope parts of the deposit, however, the over- 
clay locally reaches a thickness of 11.1 feet.

The sediments of the bauxite-kaolin zone are overlain 
by clastic and carbonaceous beds of the Wilcox group, 
ranging in thickness from 156 to 290 feet and averaging



198 GEOLOGY OF THE ARKANSAS BAUXITE REGION

223 feet. The carbonaceous and clastic beds of the 
Berger formation include a few hard layers of gray 
sideritic siltstone and average about 40 feet in thickness. 
In some upslope parts of the Rummel area they are 
absent, and the bauxite-kaolin zone is immediately 
overlain by the Saline formation. The average thick 
ness of the brown clay member of the Saline formation 
is about 160 feet. The middle part of this member 
contains a large amount of loose fine-grained sand, 
locally as much as 100 feet thick, but in several drill 
holes no loose sand was reported. Thin lenticular beds 
of lignite, generally less than 2 feet thick, are scattered 
through this sequence and are common in the basal 
part. The upper sandy part of the Saline formation 
ranges from 24 to 135 feet in thickness and consists 
chiefly of loose fine- to coarse-grained quartz sand. 
Locally, the middle and lower parts of this sand contain 
lenses of gummy gray sandy clay, some of which is 
stained yellow, brown, or red. Lignite beds as much as 
3 feet thick are found rarely in this part of the section. 

Eummel shaft mine. A shaft was sunk by the Pulaski 
Mining Co. in 1946 to develop the Rummel deposit. 
A small production was recorded that year and an 
increased output the following one. The ore was used 
by the abrasive and chemical industries. Early in 1948 
a cave-in, apparently where crossbedded bauxite formed 
the roof of the mine, let a large amount of overburden 
into the workings southwest of the shaft. The soft 
muck oozed along drifts; then compacted and hardened, 
shrinking somewhat in the process. Operations were 
suspended in April 1948. Shortly afterward, the mine 
was bought by the Reynolds Mining Corp.

NUTT-BAILEY AND NTJTT EXTENSION DEPOSITS

By John A. Jackson, James A. Cathcart and 
Constantine N. Bozion

Plate 24

The Nutt-Bailey and the smaller Nutt Extension 
deposits (Malamphy and others, 1948, v. 8, p. 5-105, 
figs. 82 and 83) are in the central part of the NE% 
sec. 21 on the properties of the Duliii Bauxite Co., 
Pulaski Mining Co., Mrs. M. E. Hope, Mrs. G. P. 
Jackson, Mrs. C. J. Pinkerton, and Lewis Treadway. 
The properties belonging to the two mining companies 
formerly were owned by Andrew Nutt and Matt Bailey. 
An underground mine has been developed in the Nutt- 
Bailey deposit by the Dulin Bauxite Co. The 
mine is reached from Highway 167 by an improved 
gravel road.

The Nutt-Bailey deposit was first recorded in USBM 
drill hole 2-146 on February 22, 1943, in which was 
recovered 0.8 foot of low-grade bauxite at a depth of 
310 feet. The Nutt Extension was discovered when 
USBM drill hole 2-149 cut 6.0 feet of commercial-grade

bauxite at a depth of 151.5 feet. The area under dis 
cussion was originally investigated by drilling 104 holes 
on a triangular grid, most of them spaced about 200 
feet apart. Later the U. S. Bureau of Mines drilled 
115 holes between the others in order to deT iniit most 
of the ore by holes spaced about 100 feet apart.

Cross sections and several columnar sections along 
lines northeastward and northwestward through the 
Nutt-Bailey deposit appear on plate 24. The Nutt 
Extension and the east edge of the Nutt-Bailey deposits 
are also shown on this plate, which indicates their 
relation to part of the post-Midway surface and their 
position with respect to the nearby Rummel deposit.

The bauxite in the Nutt-Bailey ore body, like the 
Nutt Extension, a type 2 deposit, occurs as an irregu 
larly shaped blanket, a large part of which occupies a 
southwestward-trencling valley on the poet-Midway 
erosion surface. Most of the ore body lies above Mid 
way sediments that partly fill an earlier drainage 
channel cut into the weathered nepheline syenite 
surface. Within the 5-foot isopach the body is about 
1,500 feet in length along a line oriented about N. 
45° E.; the maximum width is about 1,20C feet. In 
the thick central part of the body, more than 30 feet 
of ore was recorded in 6 drill holes. The thickest ore 
was found in USBM drill hole 15-167B, in which 32.9 
feet of low-silica pisolitic bauxite was cored.

The Nutt Extension ore body lies at a higher altitude 
on the weathered nepheline syenite surface, partly along 
the buried edge of the Midway sediments. It is broadly 
L-shaped, the long arm about 1,000 feet and trending 
N. 30° W., the short arm about 500 feet and trending 
N. 45° E. The thickest ore, 19.1 feet including a 2K-foot 
layer of high-silica bauxite 4K feet below the top, was 
found in USBM drill hole 4-054A, where the two arms 
converge.

A section of the bauxite-kaolin zone and underlying 
sediments, with lithologic descriptions and chemical 
analyses, from USBM drill hole 19-192, drilled through 
a fairly thick part of the Nutt-Bailey deposit, has been 
given on page 123 in the discussion of type 2 deposits.

In the bottom of the subsurface valley is a debris of 
feldspar fragments in a white clay matrix believed to be 
mainly of Kincaid age, but at least the upper part of it 
is mixed in places with dark bluish-gray c'ay of the 
Wills Point formation. In several places, as shown in 
plate 24, the debris extends upslope beyond the edge 
of the overlying Wills Point, and just south of the de 
posit there is a small window of Kincaid debris in the 
post-Midway surface. The Wills Point is typically 
developed and the upper part was found to be weathered 
in all the drill holes that penetrated it. In the central 
part of the valley the weathered clay is khaki colored. 
The contact with the unweathered dark clay below is
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sharp. The top part of the weathered zone is a banded, 
laminated or mottled, varicolored sideritic silty clay.

Between the soil profile on the post-Midway erosion 
surface and the overlying bauxitic rocks is a dark- to 
light-gray fragmeiital kaolinitic clay, which contains 
scattered pellets or aggregates of siderite, its lower part 
stained and mottled with red iron oxides. Fragments 
of the underlying laminated clay of Wills Point age are 
abundant at the base of this clay, and tan fragments of 
bauxitic clay and pisolitic bauxite are scattered locally 
near the top. The imderclay has an average thickness 
of about 10 feet and grades into bauxitic clay above.

Nearly all the bauxite in the Nutt-Bailey and Nutt 
Extension deposits is pisolitic and distributed in the 
manner typical of type 2 deposits.

In the central part of the deposit, little matrix is 
present between the pisolites. The matrix present 
is formed chiefly of tan subspherical oolites, tightly 
packed between the much larger pisolites. This ap 
pears to be the highest grade of bauxite in the deposit, 
but in many places pore spaces are filled with crystalline 
siderite which lowers the grade considerably. This 
variety of ore thins out laterally and is not present along 
the edges of the ore body.

At the top of the bauxitic section in many drill holes 
there is as much as 2 feet of hard gray pisolitic bauxite 
high in silica content. Such a hardcap was not found 
in all the holes, but at least 1 or 2 feet of high-silica 
bauxite or bauxitic clay is always at the top of the 
deposit.

Between the bauxite and the overlying clastic sedi 
ments of the Wilcox group, 1 to 2 feet of kaolinitic clay 
overlies most of the deposit thickening along the fringes.

The overburden ranges from 158 to 310 feet in thick 
ness. The Berger clastic and carbonaceous sediments 
above the bauxite-kaolin zone are 80 feet thick in some 
places. In others, particularly above more elevated 
parts of the nepheline syenite basement, the Saline 
formation rests directly on the bauxitic rocks. A 
basal hard black woody lignite bed 6 to 10 feet thick 
overlies most of the deposit. In one place the bed thins 
and is interlayered with gray silty clay, brown carbo 
naceous clay, and black clayey lignite. Nearby, lignitic 
clay is interbedded with the upper part of the bauxite- 
kaolin facies. A second lignite bed about the same 
thickness is 10 to 25 feet above the first and separated 
from it by gray to brown silty carbonaceous clay filled 
with lignite fragments and layers. The upper part of 
the Berger sediments is composed of gray to bluish-gray 
silty waxy clay, containing a few thin beds of fine 
grained sand. Several beds of lignite and carbonaceous 
clay are also present.

The chocolate-brown clay member of the Saline for 
mation ranges from 110 to 157 feet in thickness. The

lower 50 to 60 feet is generally clayey and the upper 
part sandy. The basal contact of the formation, where 
seen in drill cores, truncates the horizontally laminated 
clay of Berger age at a slight angle. In one drill hole 
(USBM 3-238), a thin layer of bauxite and weatl ered 
feldspar fragments were recorded. The brown carbo 
naceous clay is interbedded with laminae, layers, and 
beds of loose sand and thin lignite layers. About 30 
feet above the base is a 20-foot interval in whicl are 
layers of yellow, orange, or reddish-brown sandy clay. 
Hard siderite layers frequently cut in drilling have no 
definite stratigrapbic position within this member

E. A. DIXOX DEPOSIT

By Robert Schneider 

Plate 25

The E. A. Dixon deposit (Malamphy and others, 
1948, v. 7, p. 79-103, fig. 78) lies north of the Nutt- 
Bailey deposit from which it is separated by about 500 
feet of low-grade or barren ground over a low buried 
southwestward-trending ridge of weathered nepheline 
syenite. Most of the deposit is in the S%SE% see. 16, 
but it extends into the N^NE% sec. 21. It is on prop 
erties owned by D. B. Bates, E. A. Dixon, Mrs. G. P. 
Jackson, and Mike Sticka. Delimiting holes were 
drilled also on properties of Pauline Bates, M. P. 
Forster, Henry Forster, and E. E. Pitts. The ore was 
discovered in USBM drill hole 3-245, completed on 
June 31, 1943, in which was recorded 14.7 feet of bauxite 
of commercial grade at a depth of 245 feet. It was 
subsequently delimited by 70 drill holes.

The bauxite body within the 5-foot isopach is irreg 
ular in shape, elongate approximately N. 25° E., about 
2,300 feet long and reaches a maximum of 700 fe?t in 
width. The ore is thickest in three places where small 
tributaries on the post-Midway erosion surface head 
westward off the nepheline syenite slope: The thiclrness 
was recorded as 36.8 feet in USBM drill hole 5-268; 34.2 
feet in USBM drill hole 5-251 A; and 27.9 feet in USBM 
drill hole 6-069A.

The alinement of the bauxite bodies, nearly parallel 
to the subsurface topographic features, is particularly 
striking in this area (pi. 25). The E. A. Dixon deposit 
lies along the steep east slope of a southwestward- 
trending valley, cut originally in the nepheline syenite 
surface. The valley has been partly filled by a rubble 
or debris of weathered nepheline syenite of probable 
Kincaid age. This is partly covered, particularly along 
the west side of the valley by dark-gray silty clay of 
the Wills Point formation. Where the debris forms 
part of the post-Midway surface, the upper part of it 
has been kaolinized to a fragmeiital clay, the fragirents 
of which still retain the texture of the nepheline syenite 
detritus. This weathered debris wedges out along the
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sides of the valley against residual kaolinized nepheline 
syenite. Its buried edge lies beneath the E. A. Dixon 
deposit (pi. 25), the southwest margin of which extends 
across the buried edge of the Wills Point formation.

Isopachs show that the three centers of maximum 
thickness of the ore each overlie abrupt changes in the 
slope of the main valley wall, just upslope from the 
edge of the debris. A cross section through the E. A. 
Dixon, Bates, and Kramer deposits is given in plate 
25, section B-B1'. The dip of the ore body along the 
line of the section is 5)o° W. The greatest dip is in 
the central part of the body, 9° slightly north of west, 
nearly parallel to the line of the section.

The bauxite-kaolin zone, in the upper part of which 
the deposit occurs, reaches 50 feet in thickness locally, 
but averages about 24 feet. The imderclay is com 
posed of light-gray to gray, finely to coarsely frag- 
niental kaolinitic clay which contains small siderite 
pellets and black ilmenite grains. Its thickness varies 
inversely with that of the bauxitic section above and 
averages 16 feet. Where it overlies kaolinized nephe 
line syenite it contains noticeably more and larger 
kaolin fragments than where it overlies the sediments 
of the Midway group. The lower part, which is gen 
erally stained and mottled brick red, reaches 15 feet in 
thickness and averages about 5 feet. The upper 2 to 
3 feet contains small tan and orange bauxitic clay frag 
ments similar to those near the base of the underclay.

The bauxitic sections reach 45 feet in thickness and 
average 13 feet. As much as 6 feet of sparingly piso- 
litic, fragmental bauxitic clay is at the base and as 
much as 3 feet of similar material is at the top. The 
bauxite in the deposit is mostly pisolitic, crudely 
layered or zoned in the manner typical of type 2 
deposits.

Tiny black grains and blebs of ilmenite and anatase 
are scattered through the bauxite and small crystals of 
siderite and pyrite are found in some cavities.

The overclay is dark gray or brownish gray at the 
top and gray or light gray below. It contains relict 
pisolites, clay fragments, stringers of clayey lignite, 
and locally layers of woody lignite as much as 1}£ feet 
thick. The overburden, including the bauxitic and 
kaolinitic clay above the ore, ranges from 164 to 289 
feet in thickness and averages about 233 feet.

The Berger formation above the bauxite-kaolin zone 
ranges in thickness from 1 to 89 feet; thinnest in the 
northeasternmost upslope parts of the drilled area and 
thickest in the south-central part over the break in 
slope along the east margin of the buried subsurface 
valley (pi. 25). In most places a lignite bed is immedi 
ately above the bauxite-kaolin zone; in one drill hole, 
21 feet thick. The lignite is interbedded locally with

layers of gray kaolinitic clay. The upper part of the 
formation consists mainly of gray, bluish-gray, or green 
silty to sandy clay, in places carbonaceous, micaceous, 
or laminated. Sideritic siltstone layers, from less than 
1 inch to 2 feet in thickness, are fairly common, in the 
greenish-gray clay beds. In places a thin lignite bed 
is at the top of the Berger.

The Saline formation has a minimum thickness of 131 
feet, upslope on the basement ridge at the east-central 
margin of the deposit; it has a maximum thickness of 
240 feet at the north end of the deposit over the break 
in slope mentioned above. The lower chocolate-brown 
clay member ranges in thickness from 17 to 125 feet. 
The upper part of the formation is variable. It is 
composed mostly of sand that grades laterally through 
clayey sand to sandy clay and is interbedded with 
silty clay. Sands are tan, reddish-tan, or gray; clays 
are varicolored. Bluish-gray clay commonly contains 
layers of yellow clay and of lignite. Lignite generally 
is in thin layers, but beds as much as 10 feet thick occur. 
These sediments range in thickness from 45 to 180 feet. 
Comparison with sections in adjacent drill holes shows 
that the upper part of the chocolate-brown clay in 
places fingers laterally into the lower part of the sand 
and variegated clay facies.

HABBISON DEPOSIT

By Robert A. Harris 

Plate 25

The main part of the Harrison deposit (Malamphy 
and others, 1948, v. 7, p. 43-52, fig. 75) is in the 

sec. 16 but it extends into parts of the 
and the SE#NE# sec. 16. It is located on 

property owned by Pauline Bates, A. M. Carter, 
Henry Forster, Mrs. Clara Harrison, and J. S. Laird 
and can be reached from Highway 167 via the Iron ton 
road, slightly more than a mile from their junction.

The bauxite was discovered in USBM drill hole 
5-008, drilled September 2, 1942 and redrilted in May 
1944 as USBM drill hole 5-276, in which wrs recorded 
5.9 feet of ore at a depth of 181 feet. The body was 
delimited by drilling 30 holes.

The basement rock in this area is nepheline syenite, 
but because fresh samples were not secured it could 
not be determined whether the rock is the typical 
variety or pulaskite. The nearest outcrop, a quarter 
of a mile to the north, is pulaskite. The upper part 
of the nepheline syenite is weathered to a residual 
kaolinitic clay to depths as great as 72 feet, but generally 
averages 25 to 30 feet. The bauxite lies on a steep 
slope down to the change in grade at the base, along 
the northwest flank of the prominent buried valley 
that drained southwestward in early Eocene time.
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Part of it rests 011 nepheline syenite detritus of prob 
able Kincaid age that has partly filled the valley 
(pi. 25). A cross section through the Harrison and 
South Heckler deposits, together with columnar sections, 
appears in plate 25, section A-Af .

The ore body, a type 2 deposit, is elongate northeast 
with a prominent lobe projecting westward from its 
northern part, making it appear hatchet-shaped. The 
length within the 5-foot isopach is about 950 feet 
along a line oriented N. 30° E.; the greatest width 
reaches nearly 700 feet. Two major swells in the ore 
tody are shown by isopach lines in plate 25. The 
thickest ore was recorded in the northern swell, 22.6 
feet of pisolitic bauxite in USBM drill hole 6-108. 
The ore body is lenticular in cross section and thins 
out abruptly against the nepheline syenite ridge to the 
north and northwest. It is limited along the south 
edge by a stream channel of Berger age, filled with gray 
laminated silty clay. The dip of the main part of the 
ore body is 11K0 SE., the steepest yet recorded for a 
type 2 deposit.

The rocks of the bauxite-kaolin zone average about 
41 feet in thickness. Overlying the residual kaolinized 
nepheline syenite or the debris is a gray and white 
fragmental kaolinitic clay, with an average thickness of 
14.6 feet. The upper part of this underclay is slightly 
bauxitic and beneath the ore body it grades upward 
into bauxitic clay.

Most of the bauxite in the ore body is pisolitic. 
The matrix ranges from grayish-tan to deep tan in 
color and most of it is mealy to earthy; locally it is 
oolitic. Siderite occurs in scattered grains, tiny vein- 
lets, and botryoidal coatings in cavities. In some 
places it is very finely disseminated through the matrix.

The matrix in places contains scattered veinlets of 
hard secondary kaolinite, particularly in the upper 
part of the bauxite. The upper part of the bauxite is 
indurated in some places, but frequently where the 
silica content is moderate. Some of the high-silica 
parts at the top of the body are soft. Thus, a typical 
high-silica hardcap appears to be lacking. The bauxite 
is overlain in places by kaolinitic clay, in others by a 
lignite bed, which locally contains a basal conglomerate 
of rounded bauxitic pebbles.

The overburden ranges in thickness from 114 to 312 
feet and averages about 212 feet.

The thickness of the Berger formation in the drilled 
area ranges from 15 to 101 feet, increasing southeast 
ward, and averages 41 feet. A prominent lignite bed 
is generally on top of the bauxite-kaolin zone and 
attains a thickness of 21 feet in the northeastern part 
of the area. Toward the south the formation is cut 
out by channeling. Green and gray silty micaceous

clay is common in the Berger formation and locally 
contains hard layers of sideritic silts tone. Dark-gray 
laminated clay fills a channel at the south end of the 
deposit, which is roughly alined with a similar channel 
over the Kramer deposit on the west side of the ridge. 

The chocolate-brown to light-brown silty to sandy 
carbonaceous clay of the Saline formation ranges from 
34 to 189 feet in thickness and averages 69 feet. It is 
interlayered with lignite seams and gray to brown clay 
or sand; in one place a thin bed of tan and pink sandy 
clay was noted. The upper part of the Saline forma 
tion ranges from 46 to 195 feet in thickness and consists 
of varicolored clay, including light tan, light gray, 
white, pink, and red tones, dark-gray sticky carbo 
naceous clay with lignite layers, and a little brown s<Mid. 
The distribution of these beds is erratic.

HTJBBARD DEPOSIT

Plate 25

The Hubbard deposit (Malamphy and others, 1948, 
v. 7, p. 53-67, fig. 76) is a small deposit several hundred 
feet southwest of the Harrison and about 500 feet 
northwest of the East Dixon deposit. It is in the 
SEtfNW#SE# and the N}£ SW%SE^ sec. 16, on proper 
ties of W. E. Hubbard and Mike Sticka. It was 
discovered in USBM drill hole 3-243, completed June 
30, 1943, which recorded 3.9 feet of bauxite on the 
Sticka property at a depth of 268 feet. Subsequently, 
31 additional holes were drilled to delimit this body.

The Hubbard deposit lies on the northwest slope of 
a prominent southwestward-treiiding valley on the post- 
Midway surface (pi. 25). It is in line with the Harrison 
and Bates deposits, all of which are on the opposite 
side of the subsurface valley from the East D : xon 
deposits. The bauxite lies along the buried edge of 
the Wills Point formation where it wedges out agrinst 
a debris of nepheline syenite rocks, probably of Kincaid 
age. It is a type 2 deposit, formed within the bauxite- 
kaolin zone. As it has no obvious relation to any 
small valleys in the post-Midway surface but lies high 
on the slope, it apparently was formed chiefly by 
residual weathering of surface debris above the water 
table.

The ore body within the 5-foot isopach is northeast 
erly elongate; the long axis is about 1,100 feet long, and 
the body is about 300 feet wide at its widest point. 
The thickest ore, 13.9 feet, was recorded in USBM 
drill hole 20-088, near the northeast end of the body. 
A short lobe of thin ore at the southwest end extends 
northwestward in the shape of a hook. The bauxite 
and surrounding clay are lithologically similar in section 
to the nearby deposits. The ore body contains an
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average of 12 percent silica, and 2 percent ferrous iron 
within the 5-foot isopach. Bauxite and kaolinitic clay 
as much as 3 feet thick overlie the bauxite and form 
the upper part of the bauxite-kaolin zone. The 
overburden of the Wilcox sediments including the clay 
ranges from 230 to 284 feet in thickness and averages 
about 260 feet.

BATES DEPOSIT

Plate 25

The Bates deposit (Malamphy and others, 1948, v. 7, 
p. 104-122, fig. 79) is in the SW'jiSEK and the 
sec. 16 and extends into the NWftNEtf and 
sec. 21. It is on properties owned by Will Bailey, 
D. B. Bates, Mrs. M. E. Hope, and Mike Sticka and 
can be reached by gravel road from Highway 167. 
The bauxite was discovered in USBM drill hole 3-244, 
completed in July 1943. This was redrilled as USBM 
drill hole 6-102 in which was recorded 6.3 feet of 
bauxitic ore at a depth of 277.5 feet. The deposit was 
delimited by 63 drill holes.

Within the 5-foot isopach the Bates deposit is almost 
2,000 feet long on a line oriented about N. 25° E. and 
it is about 450 feet wide at the widest part. Ore more 
than 8 feet thick lies in three separate patches associated 
with small lateral drainage channels on the post-Midway 
erosion surface. The deposit lies on the northwest 
side of the long southwestward-trending subsurface 
valley which also contains the E. A. Dixon, Harrison, 
and Hubbard deposits (pi. 25). A cross section and 
columnar sections through the Bates, Kramer, and E. A. 
Dixoii deposits, shown in plate 25, section B-B', dips 
about 5° to the southeast. Most of the ore overlies 
the surface of the Wills Point formation, but the north 
part follows the buried edge of the formation where it 
wedges out against the nepheline syenite debris of 
probable Kincaid age. The Wills Point reaches a 
thickness of 48 feet at the south end of the deposit 
and overlies gray clay and weathered syenite debris 
probably as much as 50 feet thick. The top of the 
Wills Point formation is light- or khaki-colored where 
weathered.

The bauxite in this type 2 deposit is mostly pisolitic 
but in places the lower part has a fragmental texture. 
Most of it has a low ferrous iron content except at the 
base of the ore where it is highly sideritic.

The bauxite is overlain by bauxitic. and kaolinitic 
clay as much as 12 feet thick which forms the upper 
part of the bauxite-kaolin zone. The overburden, 
which includes this clay, ranges from 233 to 349 feet 
in thickness and averages about 279 feet. It is com 
posed of Wilcox sediments similar to those overlying 
the nearby E. A. Dixon and Kramer deposits.

KRAMER AND KRAMER EXTENSION DEPOSITS

By Robert Schneider 

Plate 25

These two deposits lie in a line southwest of the South 
Heckler deposit in the SW% sec. 16. T e Kramer 
deposit (Malamphy and others, 1948, v. 7, p. 63-80, 
fig. 77) is on properties of W. E. Hubbard, A. H. 
Jennings, and A. M. Jennings, John and Ollie Kramer, 
and J. S. Laird. The smaller Kramer extension 
(Malamphy and others, 1948, v. 7, p. 123-131, fig. 80) r 
southwest of and deeper than the Kramer deposit, is 
on properties owned by A. E. Connerly, L. E. La Pierre, 
Will Bayley, F. O. Clark, and Myrtis Moore, They 
are easily reached by a gravel road that joins Highway 
167 on the east, about three-eighths of a mile south of 
the road entering Jennings Lake. The Kramer deposit 
was discovered when USBM drill hole 3-241 was 
completed on June 22, 1943 and recorded 11.2 feet of 
commercial bauxite. The two deposits were investi 
gated by 83 drill holes.

The Kramer deposit is hook shaped in outline and 
lenticular in cross section. Its long axis within the 
5-foot isopach is 1,700 feet long; it is about 400 feet wide 
near the south end and about 100 feet wide near the 
north end. At the southwest corner a lob° of ore ex 
tends westward about 400 feet. The deposit trends 
about N. 35° E., the central part dips about 5° due 
west. The Kramer extension lies about 600 feet south 
west of the main body. It is subtriangulr.r in shape, 
slightly more than 600 feet long and 400 feet wide at 
its widest part, elongate north-northwest, and it dips 
4^2° southwest.

The deposits lie on the west slope of a buried south- 
westward-trending ridge of weathered nepheline syenite 
which is partly overlapped by sediments of the Midway 
group (pi. 25). Both deposits are in the bauxite-kaolin 
zone which rests on the Midway sedimerts, but the 
northeast end of the Kramer deposit extends upslope 
beyond the buried edge of the Midway sediments and 
lies above weathered nepheline syenite. A cross section 
through the Kramer, Bates, and E. A. Dixon deposits 
appears on plate 25, section B-B'.

From a feather edge near the northeast end of the 
Kramer deposit the Wills Point formation thickens to 
about 50 feet at the south end of the same deposit, and 
is 87 feet thick in USBM drill hole 1-258, south of the 
Kramer extension. The Kincaid formation is com 
posed of interbedded green and dark-gray clay and 
sandy limestone, 35 feet thick in the same drill hole, 
which overlies a weathered nepheline syenite debris 
as much as 50 feet thick.

Most of the bauxite is pisolitic, the pisoHtes making
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up the major part of the rock. They range in size 
from ys to \}i inches in places. Tan and orange frag 
ments of bauxite and rarely of gray kaolinitic clay are 
found in the lower parts of both ore bodies.

Impurities in the rock include white to gray kaolinitic 
and brownish granular siderite. The silica content is 
lowest in the central part of the deposit and gradually 
higher toward the margins. Distribution of the 
siderite is erratic, The Kramer deposit contains an 
average of 8 percent silica where it is 8 feet or more 
thick; where it is between 5 and 8 feet thick it contains 
an average of 11 percent silica. The entire ore body 
within the 5-foot isopach averages 10 percent silica and 
3 percent ferrous iron. The average silica and iron con 
tent for the Kramer extension deposit have not been 
determined. Bauxitic and kaolinitic clay as much as 
12 feet thick above the Kramer deposit and 4 feet thick 
above the Kramer extension deposit overlies the bauxite 
and forms the upper part of bauxite-kaolin zone. The 
overburden of Wilcox sediments ranges from 198 to 295 
feet and averages 250 feet above the Kramer deposit. 
It ranges from 316 to 378 and averages 340 feet above 
the Kramer extension deposit.

SOUTH HECKLER DEPOSIT

Plate 25

The South Heckler deposit (Malamphy and others, 
1948, v. 7, p. 21-29, fig. 73) is in the SWKNEJi and the 
NW%SE% sec. 16 on properties owned by C. E. Heckler 
and J. S. Laird. This deposit is a few hundred feet 
west of the Iroiiton road, at the corner about a mile 
south of its junction with Highway 167, where the road 
turns east toward Iroiiton. The land surface here is 
rolling and mostly wooded. The bauxite body was 
discovered in USBM drill hole 1-095. In a nearby 
drill hole (USBM 3-125) 6.7 feet of commercial-grade 
pisolitic bauxite was recorded at a depth of 150 feet. 
The deposit was investigated by 29 drill holes.

Within the 5-foot isopach the ore body is slightly 
more than 1,000 feet long and is nearly 350 feet wide 
across the northern part, It is elliptically keyhole 
shaped and elongate about N. 20° E. The ore is con 
centrated in two swells near the northeast and south 
west extremities of the deposit. The deposit is on the 
opposite side of a narrow southwestward-treiiding 
subsurface ridge from the Harrison deposit (pi. 25). 
A cross section and columnar sections through this and 
the Harrison deposit appear in plate 25, section A-Af . 
The maximum dip just north of the line of the section 
is about 11° to the west-northwest. It lies along the 
east slope of the buried valley west of the ridge, north 
east of and in line with the Kramer deposit. Its

attitude is unusual in that the deep end is toward 
the head of the valley. The deposit is truncated at 
the north end by a channel of Berger age filled with a 
debris of kaolinitic nepheline syenite, gray silty clay, and 
carbonaceous clay, which in part follows the trend 
of an earlier lateral valley on the post-Midway surface.

The bauxite-kaolin zone which includes the deposit 
ranges in thickness from 6 to more than 37 feet. It 
rests directly on the weathered surface of the nepheline 
syenite, but a small outlier of the Wills Point formation 
overlying weathered nepheline syenite debris was 
recorded in drill holes at the south end of the deposit- 
It is thinnest along the upslope and downslope margins 
of the deposit and at the north end where it has been 
eroded, and it is thickest over small lateral subsurface 
valleys. The lower part of this zone is composed of 
the typical light gray kaolinitic sideritic fragmental 
underclay.

The bauxite is mostly pisolitic, tan or grayish-tan, 
well indurated in the upper part and soft and crumbly 
below. In a few places it overlies bauxitic clay with 
few or no pisolites; in USBM drill hole 3-125 the piscT itic 
bauxite and bauxitic clay overlie pisolitic kaolin. The 
thickest ore, 18.5 feet of pisolitic bauxite, was recorded 
in USBM drill hole 3-129B. The silica content has a 
moderately low average for the entire body; it is lowest 
in the central part and increases gradually toward the 
margins, as well as upward and downward. The 
ferrous iron content is average for a Pulaski County 
deposit, the siderite being distributed irregularly 
through the ore, but generally more concentrated in 
the middle and lower parts.

Bauxitic and kaolinitic clay as much as 6 feet thick 
overlies the bauxite in places and forms the upper part 
of the bauxite-kaolin zone. The overburden of Wilcox 
sediments, including the overclay, ranges from 108 to 
150 feet thick above the ore and averages about 
125 feet,

The thickness of the Berger formation ranges from 
about 9 to 57 feet. Irregularity in the thickness as 
recorded in the drill holes indicates that the Berger 
was channeled before deposition of the Saline forma 
tion. It is composed of massive lignite and lignitic 
clay interbedded with some gray silty clay or fine 
sand. The Saline formation ranges from 77 to 157 
feet in thickness. Most of it is composed of the 
typical brown carbonaceous clay which locally is inter- 
bedded with yellow sand or sandy clay and cream r 
grayish-tan, gray, or reddish-brown silty clay. At 
the top, 9 to 66 feet, but generally less than 20 feet, 
of varicolored sand, is associated with clay, silt, or 
gravel.
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JENNINGS DEPOSIT

Plate 25

Two small bauxite bodies occur in the S^NWK and 
the northern part of the NE^SWM sec. 16, at the 
north edge of and northeast of Jennings Lake and 
west of the South Heckler deposit. These constitute 
the Jennings deposit (Malamphy and others, 1948, 
v. 7, p. 30-42, fig. 74) and are on properties of A. H. 
and A. M. Jennings, John and Mrs. Ollie Kramer, and 
the Daniel and Bettie Ranch Estate. The area was 
investigated by drilling 40 holes in several groups.

The bauxite occurrences are too small to be of com 
mercial interest, but they are geologically noteworthy 
because they follow the pattern of distribution with re 
lation to subsurface topography of the nearby type 2 
deposits. The two ore bodies lie on either side of a 
southwestward-trencling narrow buried ridge of weath 
ered nepheliiie syenite. The ore body on the east slope 
of this ridge is shown in plate 25. It exceeds 5 feet in 
thickness only in USBM drill hole 18-203 in which 
was recorded 6.9 feet of pisolitic bauxite of ore grade 
at a depth of 223.5 feet. In USBM drill hole 18-282, 
400 feet to the northeast, about 8 feet of high-silica tan 
pebbly pisolitic bauxite is separated by 3.7 feet of 
brown pebbly carbonaceous clay from several feet of 
pisolitic high-silica bauxite and bauxitic clay beneath. 
This small type 3 deposit above the carbonaceous clay 
also is indicated on plate 25; it was not delimited by 
drilling and may continue northward. The ore body 
on the west side of the buried ridge beneath the north 
end of Jennings Lake (pi. 25) lies in the bauxite-kaolin 
zone, above the weathered surface of the Wills Point 
formation near its upslope edge where the marine sedi 
ments wedge out against the nepheliiie syenite ridge. 
Bauxite of ore grade exceeds 5 feet in thickness in 
USBM drill holes 18-096A and 18-281, which are 400 
feet apart along a line trending N. 26° E. The top of 
the bauxite in these two drill holes is 182 and 185 feet 
below the surface of the ground.

Bauxitic and kaolinitic clay as much as 14 feet thick 
overlies the bauxite bodies and makes up the lower part 
of the overburden. The upper part is composed of 
continental sediments of the Berger and Saline forma 
tions, similar to those overlying the South Heckler 
deposit.

BERGER AREA

The group of deposits described below lies on the 
SWK sec, 4, EK sec. 8, WK sec. 9, and NW% sec. 16, 
T. 1 S., R. 12 W. (fig. 58). They are all south of the 
settlement of Berger on the Chicago, Rock Island, and 
Pacific Railroad.

The deposits are on the west slope of the Pulaski 
nepheline syenite mass along the southern part of its

outcrop area. The basement rocks are nepheliiie 
syenite, both the typical variety and the variety known 
as pulaskite. These are covered by marine sediments 
of the Midway group. Several of the larger deposits 
lie on a nepheliiie syenite slope just west of the contact 
between nepheliiie syenite and pulaskite. Many smaller 
deposits are scattered over the surface of the Midway 
sediments, and some are on the west slope of the major 
drainage system that in early Eocene time flowed 
southward.

The presence of bauxite in this area has been known 
for many years. Outcrops were described by early 
workers, including Powell (1842, p. 21) and D. D. 
Owen (1860, p. 70). The first mine in the Pulaski dis 
trict at the northernmost of the four outcrops in this 
area was opened by Fred Berger in 1904 (pi. 1, no. 44). 
Further mining was clone by the Republic 1 lining and 
Manufacturing Co. after 1906 at intermittent periods. 
Since 1931 mining has been continuous by the American 
Cyanamid and Chemical Corp. and by several other 
companies.

The work of the Federal drilling program in this area 
was mainly to supplement the prospecting already done 
by companies. The drilling of the Rauch Extension 
falls into this category. Also, several small new de 
posits were discovered in sec. 8, some distance west of 
the previously known deposits.

NORTH HECKLER DEPOSIT

Plate 25

The North Heckler deposit (Malamphy and others, 
1948, v. 7, p. 11-20, fig. 72) is in the SE^WK sec. 9 
and the NE/4NW% sec. 16, T. 1 S., R. 12 W. on property 
owned by C. E. Heckler. It is about 7 miles south of 
Little Rock and half a mile east of Highvay 167 by 
gravel road. Drilling by the American Cyanamid and 
Chemical Corp. during the 1930's had led to the open 
ing of the Heckler shaft mine (pi. 1, no. 35) by the 
company in the northernmost part of the property and 
at the south end of the West Ranch bauxite deposit. 
The much smaller North Heckler deposit was first cut 
in USBM drill hole 1-105, redrilled as USBM 1-173, 
in which several feet of siliceous pisolitic bauxitic rock 
was found at a depth of about 108 feet below the sur 
face. A total of 37 holes was drilled to investigate 
this deposit.

The deposit consists of two small ore bodies connected 
by low-grade bauxite and high-alumina clay. They 
overlie a fairly steep slope on the buried nepheliiie 
syenite surface and dip westward. The thickest parts 
of the ore bodies are in small gullies that trend westward 
and northwestward on the post-Midway erosion surface 
(pi. 25).
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The basement rock is iiepheline syenite, the upper 
surface of which has been weathered to a residual kao- 
linitic clay. The clay mantle is thickest in the valleys 
where it reaches a maximum thickness of 75 feet. 
Weathered debris of the basement rock fills parts of the 
valleys above the residual kaolinized nepheline syenite. 
The rocks of the bauxite-kaolin zone range in thickness 
from 16 to 33 feet. Light-gray to bluish-gray sideritic 
fragmental clay, ranging from 4 to 33 feet in thickness, 
underlies the bauxitic rocks and locally fills the entire 
interval. Locally, it is overlain by gray pisolitic kaolin, 
which underlies the bauxite in part of the area and 
reaches a maximum thickness of 17 feet.

Most of the ore is pisolitic, gray to grayish-tan, fairly 
high in silica, and the upper part generally is well in 
durated. The bauxite has a maximum thickness of 21 
feet in USBM drill hole 3-123. Some intervals in the 
upper part contain clay fragments and layers of carbo 
naceous clay which indicate reworking. The bauxite 
grades upward and downward into tannish-gray baux 
itic clay. Above the bauxitic rock, is a thin light-gray 
kaolinitic clay, which becomes somewhat silty and 
plastic in the upper part. It was recorded in half the 
drill holes and reaches a maximum thickness of 2 feet.

The overburden consists of continental beds of the 
Wilcox group that range in thickness from 70 to 115 
feet and average about 100 feet. In the lower part of 
the overburden are carbonaceous and clastic beds of the 
Berger formation, including 1 to 15 feet of lignite and 
lignitic clay overlain by as much as 23 feet of light- 
bluish gray, slightly carbonaceous silty clay, containing 
thin beds of hard, fine-grained sandstone. The silty 
clay is absent over the south part of the deposit. The 
lower member of the Saline formation consists of 57 to 
86 feet of dark chocolate-brown silty clay, interbedded 
with gray and brownish-gray silty clay. These clay 
beds are micaceous and carbonaceous with local sandy 
and lignitic layers. The upper part of the overburden 
is composed of yellowish-brown silty sand and gray 
sandy clay with red stains, ranging from 4 to 19 feet in 
thickness. Thin interbedded gravel lenses containing 
pebbles of chert and quartzite occur in the eastern part 
of the area.

WEST RArcH DEPOSIT

Plate 2

One of the largest bauxite bodies in the Pulaski 
mining district occupies part of the E)£N"W}£ and 
Ej£SW% sec. 9. It is on properties of the Alcoa Mining 
Co., C. E. Heckler, and the Rauch Estate (leased by the 
American Cyanamid and Chemical Corp.). The 
deposit crops out at the surface in several places along 
its east side. It was explored and developed by several 
mining companies. A small area near the middle of the

deposit on the Daniel Rauch property (Malamphy and 
others, 1948, v. 6, p. 14-16, fig. 61) was drilled by the 
Federal Government in order to facilitate the develop 
ment of ore suitable for use in petroleum refining.

The West Rauch deposit is northerly elongate and 
irregular in outline within the 5-foot isopach. The 
main ore body is continuous for about 3,500 feet. The 
northern part on the Alcoa property and the south- 
central part on the Rauch Estate property both are 
about 900 feet wide, but in between, in the part investi 
gated by the joint Federal project, the ore narrows to 
about 300 feet wide. In the southern part of the Rauch 
Estate property the bauxite is divided into two lobes, 
the deeper of which, extending farther south, was mined 
in the Heckler shaft mine (pi. 1, no. 35). A small, 
separate subtriangular body on the Heckler property 
is in the southeast end of the deposit. Within the 
5-foot isopach it is about 450 feet from north to south 
and 250 feet across. The general dip of the ore is 
westerly 3° on the average in the area of Federal 
drilling; and locally dips more than 10°. In the 
northern part of the deposit the ore ranges in thickness 
from about 8 to 13 feet. In the southern part it reaches 
22 feet in many places and is thickest near the shaft of 
the Ranch mine where 32 feet of ore was recorded in 
a drill hole of the American Cyanamid and Chemical
Corp.

The deposit is within the bauxite-kaolin zone, the 
lower part of which is a white to greenish-white frag 
mental clay which rests upon kaolinized nepheline 
syenite, a short distance upslope from the buried edge 
of the Wills Point formation. The west edge of the 
body nearly coincides with the change in grade between 
the Wills Point surface and the more steeply dipping 
nepheline syenite surface. The principal igneous rock 
outcrop several hundred feet east of the deposit is com 
posed of pulaskite but, as gray nepheline syenite was 
noted in the drainage ditch at the side of the access 
road to the Ranch Estate pit mine, it is believed that 
the deposit rests largely on this rock rather than pula 
skite.

Most of the ore is light tannish-gray hard or mod 
erately hard pisolitic bauxite, but a small amount of 
softer fragmental or poorly pisolitic bauxite is in the 
lower part of the body. A large granitic-textured mass 
surrounded by pisolitic bauxite was noted in the Rauch 
Estate pit and is probably a remnant of an earlier type 1 
deposit. An upper bed of bauxite rubble lay above the 
pisolitic bauxite in the central part of the deposit, 
locally separated from it by a bed of pisolitic clay, 
2 to 3 feet thick. The rubble included both pisolitic 
and granitic-textured boulders. At the northeast end 
of the Federal-explored area (in USBM chill hole 2-061 
and a nearby company drill hole) the upper part of the
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bauxite was overlain and mixed with a large amount 
of quartzitic gravel, presumably in a stream channel.

The overburden ranges from several inches to about 
135 feet in thickness. It is deepest along the west- 
central margin. Most of the northern part is shallow, 
not more than 50 feet deep. The small separate 
triangular body on the Heckler property ranges from 
10 to 55 feet in depth and is shallowest at the southeast 
end. Gray and green silty clay or lignite of the Berger 
formation underlain by bauxitic clay covers the deeper 
parts of the deposit. Along the upslope margins the 
Berger is overlapped by the Saline formation. The 
Saline sediments consist of a small amount of brown 
carbonaceous clay and a large amount of white or 
light-gray locally micaceous sand. Apparently inter- 
bedded with this sand of Saline age, one or two layers 
of chert pebbles were noted, some of which contain 
fusulinids and other fossils of Paleozoic age.

Heckler shaft mine (pi. 1, no. 35). The southern 
part of the deposit that extends onto the Heckler 
property was developed in 1939 by the American 
Cyanamid and Chemical Corp. After 18 holes had 
been drilled in the main deposit, a shaft was sunk. 
Mining operations continued until 1945. The over 
burden in this part of the deposit ranges in thickness 
from 58 to 120 feet, increasing to the west-northwest.

Eauch shaft mine (pi. 1, no. 36). The thickest and 
deepest parts of the deposit were the first to be de 
veloped by the American Cyanamid and Chemical 
Corp. This mine, in the WJ£NE#SW# sec. 9, was 
opened in October 1934. A 134-foot shaft was sunk 
where the overburden is 96 feet thick and the ore is 
20 to 30 feet thick. The mine operated until 1943 
when an extensive open-pit operation was begun in the 
area east of the underground workings. The over 
burden in the underground area ranged in thickness 
from about 35 to 135 feet increasing to the southwest.

Ranch Estate open-pit mine (pi. 1, no. 38). The 
shallower ore, mostly in the E%NE%SW% sec. 9 was 
mined by means of a group of open pits. The over 
burden in this part of the deposit ranges from several 
inches to 68 feet. Exploitation of this part of the 
deposit began late in 1942, and mining continued until 
1945.

Eauch Extension open-pit mine (pi. 1, no. 39). The 
north end of the deposit was owned by the Alcoa 
Mining Co. The ore had been known for a long time, 
and test pits had been dug about the time of World 
War I by the company. During World War II bauxite 
from this deposit was mined and used for producing 
activated bauxite used in the manufacture of high- 
octane gasoline. At this time about 70 holes were 
drilled by Republic Mining and Manufacturing Co. to 
delimit the ore bodv and in 1944 American Cvanamid

and Chemical Corp. exploited an extensive open-pit 
mine.

The overburden on this property ranges from several 
inches to 97 feet.

PETER HOT! DEPOSIT

Plate 2

The small Peter Ron deposit (Malamphy and others, 
1948, v. 6, p. 17-25, fig. 62) was investigated and partly 
delimited in the S%NW%SW% and adjacent parts of 
the SWtfSWtf sec, 9, T. 1 S., R. 12 W., west of Highway 
167. A total of 27 holes were drilled on the properties 
of D. H. Ford and G. D. Rauch, but the southeastern 
part of the deposit on the property of Peter Rou was 
not delimited. Bauxite was discovered in I.TSBM drill 
hole 3-298, in which was recorded 4.4 feet of low-grade 
ore at a depth of 161 feet.

The deposit rests on the flat weathered surface of 
the Wills Point formation along the southeast crown of 
a low, buried southwestwarcl-treiiding ridge. The Wills 
Point formation was penetrated in two drll holes on 
the Ford property; it was 79 feet thick in IJSBM drill 
hole 1-305, and 48 feet thick in USBM drill hole 3-298. 
The bauxite is separated from the Wills Point sediments 
below by a fragmental kaolinitic clay, as much as 18 
feet thick, which grades upward through bauxitic clay 
into the ore.

The bauxite body is narrowly elongate; it extends 
within the 5-foot isopach at least 900 feet plong a line 
oriented about N. 50° E., and its maximum width 
does not exceed 250 feet. It dips 1%° to the southwest. 
The greatest thickness of ore recorded was 10.3 feet in 
USBM drill hole 17-131, and this was the only drill 
hole in which the ore exceeds 8 feet hi thickness. The 
body is a typical type 2 deposit, composed mostly of 
pisolitic bauxite. Fragmental bauxite occurs in places 
below the pisolitic, and in one drill hole was found above 
the pisolitic bauxite.

The overburden ranges from 144 to 164 feet in thick 
ness above ore that is 5 feet or more thick. The clastic 
and carbonaceous sediments of the Berger formation 
in the drilled area range from 80 to 100 feet in thickness, 
increasing northward. The sand and chocolate-brown 
carbonaceous clay beds of the Saline formation range 
in total thickness from 54 to 80 feet, increasing south- 
westward.

WINN DEPOSIT

Plate 2

This deposit is in the SWtfNWJ* sec. 9, T. 1 S., R. 
12 W. on the property of C. R. Winn just west of 
Highway 167. Early drilling by the Republic Mining 
and Manufacturing Co. found bauxite on this tract, 
but the deposit was not delimited at that time. The
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Aluminite Mining Corp. drilled 29 holes on the property, 
east of Fourche Creek and southeast of the Big Inch 
pipeline, before opening a strip mine.

The ore body is a type 2 deposit developed in the 
bauxite-kaolin zone, which at this locality lies above 
the Wills Point formation. USBM drill hole 20-048, 
at the southwest corner of the Winn tract, recorded a 
thickness of 66 feet in the Wills Point and a thickness 
of 63 feet in the underlying Kincaid formation. The 
bauxite lies on the east side of a buried southwestward- 
trending drainage system, downslope from the West 
Ranch deposit (pi. 2).

The ore body is estimated from company drilling 
information to be nearly 800 feet long from north to 
south within the 5-foot cutoff, and about 400 feet wide. 
It was not, however, completely delimited by drilling 
at the south end. The ore body is elliptical in outline, 
northerly elongate, and lenticular in cross section. It 
dips about 2° to the southwest. Most of the ore 
mined was pisolitic, the upper part covered by a silice 
ous bauxite capping which was directly overlain by a 
thick lignite bed that contains two or three clay layers.

The overburden ranges from 63 to 87 feet in thickness, 
including the bauxitic clay capping and the lignite 
mentioned above. It is composed mostly of the 
sediments of the Berger formation, the thickest of which 
is a greenish-gray clayey sand containing angular 
erratic boulders of similar sand and stratified sandy 
clay. A typical section of the overburden is shown 
in figure 8.

Winn open-pit mine (pi. 1, no. 40). An open pit, 
about 500 feet long by as much as 300 feet wide, was 
excavated in this deposit. The bauxite was 72 to 86 
feet deep within the pit area. Along the south end of 
the workings several drifts less than 20 feet long were 
driven to mine additional ore.

Mining operations began in the fall of 1943 and 
continued from June to November 1944, when the 
mine was closed and the property returned to the 
owners.

DOLLAR DEPOSIT

Plate 2

The Sam J. Lewis lease on the W. C. Dollar property 
in the S^NWKNWK sec. 9, T. 1 S., R. 12 W. was 
drilled by several operating and drilling companies 
before World War II but was not developed until 
the war emergency. The Bauxite Drilling and Testing 
Co. in 1943 drilled 18 holes to delimit the ore on the 
property for the Aluminite Mining Corp.

The ore body mined on this property was about 
600 feet long alined easterly, and 125-225 feet wide. 
Drilling information indicates that the ore body dips 
about 5° to the west. The thickest ore recorded in

the company drill holes was 16 feet, in the northes.stern 
part of the mined area. Projection of the buried edge 
of the Wills Point formation on the map (pi. 2) indicates 
that the bauxite probably rests above the sediments of 
Paleoceiie age at their upslope edge.

Before stripping, the overburden ranged in thickness 
from 15 to 63 feet above the ore.

Dollar open-pit mine (pi. 1, no. 41}-~The. stripping 
was completed and the mine started operating in 
September 1943. About the time that the Aluriinite 
Mining Corp. started working this property, it went into 
the hands of receivers who operated the open-pit 
mine. The mine was operated until November 15, 
1944 when the Metals Reserve Company canceled its 
contracts with many wartime producers.

LEWIS DEPOSIT

Plate 2

Iii the N^NWKNW^ sec. 9, T. 1 S., R. 12 W., drill 
ing near the present site of the plant and offices of the 
American Cyanamid and Chemical Corp. by the com 
pany disclosed a bauxite body that apparently is a 
south-southeastward continuation of the England de 
posit on the adjacent 40-acre tract to the north. Ac 
cording to available drilling records bauxite of minable 
thickness apparently is found in an ore body irregularly 
elliptical, with maximum dimensions about 600 by 400 
feet, and as much as 14 feet thick. Information as to 
the grade of the bauxite is not available to the writers.

The deposit is reported to be 12 to 50 feet below the 
surface.

ENGLAND AND BERGER DEPOSITS

Plate 2

The northernmost bauxite deposits in the I erger 
area are in the W)4SWK sec. 4, T. 1 S., R. 12 W., on 
the England property. Pisolitic bauxite crops out ex 
tensively in this tract, a short distance west of the Arch 
Street Pike (Highway 167). The road skirts the west 
side of the pulaskite outcrop area. The Chicago, Rock 
Island, and Pacific Railroad cuts through the northwest 
corner of the area; the Berger switch gave access to the 
old workings, and now serves the plant and offices of 
the American Cyanamid and Chemical Corp. and the 
Porocel Corp. at the south end of the property. Three 
or four separate ore bodies are on this tract, all of which 
have been mined. The Federal Government under 
took no exploration of the area and all information 
regarding these ore bodies has come from company 
sources.

The deposits lie on the west flank of the nepheline 
syenite, east of a major southward-trending subsurface 
valley (pi. 2). The largest and southeastermiiost body, 
the England deposit, was the site of an underground
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mine operated by the Crouch Mining Co. (pi. 1, no. 
42). Before mining, the ore body was more than 1,000 
feet long within the 5-foot isopach, from the north end 
to the south line of the property, and in places it 
reached 600 feet in width. The thickest ore recorded 
in company drill holes was 18 feet, in the north-central 
part of the ore body. It probably is connected by 
thinner and lower grade bauxite to the Lewis deposit, 
which is within 200 feet of the south property line, to 
the south-southeast. The comparatively shallow west 
erly dip of the ore body (3%°), together with lithologic 
information from other company drill holes nearby on 
adjacent properties, indicates that it overlies the Wills 
Point surface.

The second largest and northernmost body, the 
Berger deposit, was the site of the original Fred Berger 
mine (pi. 1, 110. 44), the first bauxite working in the 
Pulaski mining district. All the ore is shallow and 
much of it crops out at the surface. The maximum 
dimensions of the minable ore body were 800-900 feet 
long, and as much as 600 feet wide in places. The ore 
reached a maximum recorded thickness of 16 feet and 
dipped shallowly to the west-southwest. The deposit 
probably lies across the buried edge of the Wills Point 
formation which crops out northwestward from the 
mine, across the Fourche Creek bottom.

The remaining ore on the property was mostly in the 
southern part of the outcrop area, west of the highway 
and east of the underground mine. The deepest ore 
was covered by only a few feet of overburden.

The deposits are. all composed principally of pisolitic 
bauxite and probably are confined to type 2, judging 
from samples collected from outcrops and dumps on 
the England property. They represent the northern 
most extension of the bauxite-kaolin zone on the west 
side of the Pulaski nepheline syenite hill.

The overburden in this tract is composed mainly of 
sand, gravel, and clay, but some lignite was reported 
in the southwest corner of the property, above the 
bauxite in the England shaft mine.

England shaft mine (pi. 1, no. 4®)- The England de 
posit in the WKSWtfSWtf sec. 4, T. 1 S., R. 12 W., was 
worked by the Crouch Mining Co. Before mining, the 
company drilled about 25 holes on the England prop 
erty to delimit the ore. The miiiable bauxite in this 
deposit was covered by 25 to 63 feet of overburden. A 
vertical shaft 63 feet deep was sunk, from which work 
ings covering an area of 10 acres or more were developed. 
The company erected a calciner on the property. Min 
ing began in November 1931 and continued periodically 
until 1940, when the mine was abandoned, the equip 
ment removed, and the company transferred mining 
operations to the Young shaft mine in Saline County.

Berger open-pit mine (pi. 1, no. 44)-~Fred Berger

opened this mine in the outcrop of the north ore bed in 
1904. After producing slightly more than 5,600 tons 
from 1904 to 1906 for the manufacture of refractory 
brick from calcined bauxite, Berger sold the property 
to the Republic Mining and Manufacturing Co. of 
Georgia. Mining is reported to have continued with 
interruption until about 1919. By the time the Berger 
pit was abandoned, it had attained the dimensions of 
about 400 by 600 feet. So far as is known, none of the 
ore in this working was covered by more than 10 feet of 
overburden. This same pit was referred to as the 
North England mine in a preliminary map of the 
bauxite region (Bryson, Gordon, and others, 1944).

England outcrop open-pit mine (pi. 1, no. 4%}. During* 
World War II the England property was leased by the 
American Cyanamid and Chemical Corp., and most of 
the shallow bauxite that remained was removed in 
1943. The principal operation was in a small pit west 
of the highway and northeast of the underground mine. 
This ore was all within a few feet of the surfrce. The 
property was returned to the owners in July 1945.

ELSIE LEWIS DEPOSIT

Plate 2

A small deposit is known on the Elsie Lewis property, 
in the NEftNEM sec. 8, T. 1 S., R. 12 W. The tract 
had previously been drilled by several of the operating 
companies, when in 1943 Jackson and Squire drilled 13 
holes and discovered bauxite in the east-central part. 
Although not completely delimited, the ore vdthin the 
5-foot cutoff extends at least 450 feet north-northeast 
ward. No development work has been done. As 
shown in the subsurface map (pi. 2) the bauxite rests 
upon the weathered surface of the Wills Point forma 
tion. The deposit lies from 84 to 100 feet below the 
surface.

TREADWAY DEPOSIT

By Horace W. McGee 

Plate 26

The Treadway deposit (Malamphy and otters, 1948, 
v. 6, p. 26-40, fig. 63) lies mostly in the SE%NE% sec. 
8, T. 1 S., R. 12 W., and extends into adjacent parts of 
the NE# and into the NJ£NE#SEtf sec. 8. It is on 
properties of Lewis Treadway and T. R. Vinson, about 
three-eighths of a mile west of Highway 167 by gravel 
road. Marginal holes were drilled also on properties of 
Elsie Lewis and Mrs. J. T. McGuire. The ore body 
was discovered in USBM chill hole 18-073, drilled 
January 14, 1944, in which 7 feet of pisolitic bauxite 
was recorded at a depth of 153 feet. A total of 52 holes 
were drilled to investigate the deposit.

Most of the ore is along a southward- to southeast 
ward-trending valley on the post-Midway surface (pi.
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26). Cross sections through this type 2 deposit, are 
shown in plate 26. The ore lies on the weathered sur 
face of the Wills Point formation, particularly on the 
west side of the valley. The Wills Point formation was 
recorded to be 88 feet thick in USBM drill hole 18-073 
and 69 feet thick in USBM drill hole 20-049. The 
underlying Kincaid formation was 67 feet thick in drill 
hole 20-049. Lithologic descriptions and chemical 
analyses of the Midway sediments in these two drill 
holes have been given in the stratigraphic part of the 
text.

The principal ore body is about 1,500 feet long within 
the 5-foot isopach and trends N. 10° W. The maximum 
width is a little more than 400 feet. Ore thicker than 
8 feet was found in two separate parts of the deposit in 
swells along the valley bottom. The thickest ore in 
the north swell was 24.7 feet, recorded in USBM drill 
hole 17-103; in the south swell it was 21.5 feet, recorded 
in USBM drill hole 17-078.

The bauxite is mostly pisolitic, tan in color, fairly 
well indurated above and crumbly and softer below. 
The bauxite grades downward through bauxitic clay 
to a gray kaolinitic clay, sideritic in many places and 
locally slightly silty. This clay is 10 to 12 feet thick 
under a large part of the ore body and rests upon the 
weathered surface of the Wills Point formation.

Bauxitic and kaolinitic clay as much as 8 feet thick 
forms the basal part of the overburden, which ranges 
in thickness from 105 to 161 feet, generally thickening 
southeastward. The upper part of the overburden is 
composed of carbonaceous and clastic sediments of the 
Berger and Saline formations, similar to those that cover 
the nearby Vinson-McGuire deposits.

VINSON-MC GUIRE DEPOSITS

Plate 26

Three small bauxite bodies connected by thin low 
grade ore constitute the Vinson-McGuire deposits 
(Malamphy and others, 1948, v. 6, p. 41-63, figs. 64 
and 65), in parts of the SWtfNEtf and the W^SEK 
sec, 8, T. 1 S., R. 12 W., on properties of T. R. Vinson 
and Mrs. J. T. McGuire. The locality is about five- 
eighths of a mile west of Highway 167 by gravel 
road. Bauxite was discovered by Eliot and Alley, 
private operators, who drilled 24 holes on the Vinson 
property early in 1944, at about the same time the 
Federal drilling program was investigating the Berger 
area. Subsequently the deposit was delimited by 
drilling 65 holes.

The three small ore bodies are related to a curved 
subsurface valley that in early Eocene time drained 
southwestward and then turned eastward. A cross 
section through the north end of this deposit and the 
south end of the Treadway are shown on plate 26,

section B-Bf . The northernmost of the three bodies, 
lying within the valley near its head, is nearly triar gular 
in plan, about 600 feet long in an easterly direction, 
and 500 feet in a northerly direction (pi. 26). The 
thickest ore recorded, near the center of the body, was 
10.0 feet, in USBM drill hole 18-150A. The small 
middle ore body lies on a southeast slope, across a 
narrow subsurface ridge south-southeast of the north 
ernmost. It is about 550 feet long within the 5-foot 
isopach and has a maximum width of 250 feet. The 
thickest ore recorded in USBM drill hole 17-093 was 
7.4 feet. The south ore body is nearly 850 feet long 
within the 5-foot isopach, along a line oriented north- 
northwest and the maximum width is about 400 feet. 
The thickest ore recorded in USBM drill hole 17-086 
is 11.9 feet in an upper bed and 7.1 feet in a lower bed, 
the two beds are separated by 1 foot of lignite above 
1 foot of bauxitic clay. The general distribution of the 
two separate beds is shown diagrammatically in plate 26.

The upper bed is composed principally of pebbly 
pisolitic bauxite (type 3 deposit). All the rest of the 
ore in this and the other two bodies is type 2. The 
pisolitic bauxite overlies a fragmental underclay rang 
ing from 9 to 30 feet in thickness and averaging about 
14 feet. The contacts are gradational between the 
ore and the surrounding rock. The upper part of the 
bauxite is high in silica and grades from bauxitic clay 
into kaolinitic clay. This siliceous cover on top of the 
ore ranges from 2 to 7 feet in thickness.

The overburden above the two northern bodies 
ranges from 96 to 165 feet in thickness. Above the 
type 3 ore body at the south end of the deposit, the 
overburden ranges from 151 to 170 feet in thicHiess. 
The Berger sediments above the bauxite-kaolin zone 
are composed mainly of greenish-gray silty clay with 
interbedded lignite. They range in thickness frcm 35 
to 73 feet, thinning upslope with reference to the 
post-Midway surface. The Saline formation ranges in 
thickness from 50 to 118 feet, increasing to the south- 
southwest. The upper 9 to 30 feet is composed prin 
cipally of brown to gray sand or sandy clay; the lower 
part is composed of chocolate-brown silty to sindy, 
carbonaceous clay locally with a lens of brownish-gray 
clay.

MC GUIRE DEPOSIT

Plate 2

The northwesternmost and one of the shallowest de 
posits in the Berger area is on the McGuire property 
in the NWtfNEtf sec. 8, T. 1 S., R. 12 W., where it 
was worked by the Arkansas Bauxite Stripping Co. 
during World War II. Company drilling also has 
found what is probably the extension of this deposit 
on the adjacent Elsie Lewis property in the northwest
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corner NE%NE}£ sec. 8. Many holes were drilled by 
the company to delimit the deposit. The maximum re 
corded thickness of ore was 12 feet.

The deposit is one of those which rests upon the 
weathered surface of the Wills Point formation west of 
the nepheline syenite slope from which it is separated 
by a fairly large drainage valley. The ore body 
appears to be a type 2 deposit, but it is not known 
whether the source material was derived chiefly from 
the weathering products of nepheline syenite. The 
bauxite is mostly pisolitic. Parts of it are reported 
locally to have a high content of ferrous iron. Before 
stripping, the bauxite extended nearly to the surface 
and reportedly was covered by as much as 36 feet of 
overburden.

McGuire open-pit mine (pi. 1, no. 4$). The Arkansas 
Bauxite Stripping Co. opened this mine in 1943 and 
operated it for more than a year. The pit was 400 
feet by 300 feet thick and trapezoidal in shape.

PRIMROSE CHURCH BASIN

The area around Primrose Church, including parts 
of sees. 3, 4, 9, and 10, T. 1 S., R. 12 W., is in a large 
natural basin within the Pulaski nepheline syenite mass 
(fig. 58). This has been nearly filled with continental 
sediments mostly of early Eocene age. The land surface 
if flat to gently rolling, partly wooded and partly 
cleared for farming. The area is crossed by the Sweet 
Home cutoff, a road that connects Highways 65 and 167. 
Good all-weather roads lead to or pass near the several 
bauxite deposits in this area.

The buried basin is elongate northeastward. Its 
post-Midway erosion surface (pi. 2) was drained by a 
narrow, irregularly shaped valley of gentle gradient, 
which begins at the west edge of sec. 10 and extends 
northwestward into the NE% sec. 9. A nearly right- 
angle bend is between this and the main part of the 
valley which trends about N. 60° E. It extends into 
sec. 3, then curves eastward to its outlet, a narrow 
steepsided opening almost normal to the main valley 
axis. The outlet is in the NE^ sec. 10, and forms the 
boundary between the Woodyardville and Ironton 
areas. The basement rock in the basin, so far as is 
known, is composed of pulaskite. Two small buried 
patches of rock of Paleozoic age were found in drill 
holes on the north flank of the outlet to the basin.

The only important bauxite deposits in this area are 
located at the west edge, alongside a saddle in the 
main nepheline syenite ridge. Economically, these 
deposits are linked with those of the Berger area for 
they have been explored and mined along with those 
that lie west of the saddle. A small composite bauxite 
body was also discovered by the Federal drilling pro

gram on the Finnegan property at the east edge of the 
basin, near the Birnbach deposit.

The earliest exploration in this area apparently was 
done by the National Bauxite Co., which opened a 
mine in 1914, later operated by the Du Pont de Nemours 
Co. Further prospecting was done during the twenties 
by the Globe Bauxite Co. and the Republic Mining 
and Manufacturing Co., and during the thirties by the 
American Cyanamid and Chemical Corp. During 
World War II, mines were operated in thie area by 
American Cyanamid and Chemical Corp. ard by the 
Fourche Mountain Mining Co.; and since the war by 
the Reynolds Mining Corp. and by American Cyanamid 
and Chemical Corp.

The Federal project drilled wildcat holer here at 
three separate times, to supplement earlier company 
drilling for bauxite and to test the area for possibly 
extensive clay deposits.

Topographically, the Primrose Church basin offered 
an excellent trap for bauxite eroded off the nepheline 
syenite that rims it; but the entire area, with the 
exception of the previously mentioned deposits exploited 
by mining companies at the west end of the basin, is 
almost devoid of bauxite. Two isolated outcrops of 
bauxite and associated aluminous rocks of the bauxite- 
kaolin zone are upslope 011 the walls of the basin iri 
the W^SEJi sec, 4 and in the NE^SE^ sec. 9. A 
third bauxite outcrop in the N%SW% sec. 3, in back 
of the Primrose Church, appears to be a lens contained 
within the Wilcox continental sediments.

A large tonnage of kaolinitic clay, high in alumina 
content but containing some carbonaceous impurities, 
has been found in the basin. This clay has been found 
at depths ranging from about 7 to 120 feet and it is 
covered by overburden composed of lignitic and silty 
to sandy clay and bluish "pepper and salt" clayey 
sand of the Berger formation overlain by brown 
carbonaceous silty to sandy clay of the Saline formation.

RAUCH LAKE DEPOSIT

Plate 2

This deposit is mostly in the SW%NE% sec. 9 and 
extends several hundred feet into the SE%NE% sec. 9, 
T. 1 S., R. 12 W. It contains the oldest mine in this 
area, one of the earliest worked in the Pulaski mining 
district. The west end of the deposit crops out at 
the surface within several hundred feet of the nepheline 
syenite (pulaskite) outcrop in the center cf sec. 9. 
The ore body was explored and delimited ertirely by 
the operating companies but the eastern part of it is 
included within the area investigated by the Bureau 
of Mines and described as the Rauch clay area 
(Malamphy and others, 1948, v. 6, p. 3-13, fi^. 60).
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The ore body within the 5-foot cutoff is irregularly 
lobate, about 1,100 feet long from west to east; the 
greatest north-south dimension near the east end of 
the body is about 900 feet. It lies on the west side of 
the subsurface valley that drained the basin in early 
Eocene time and has a general northeasterly dip of 
5°-6°. The ore body, so far as is known, is a type 2 
deposit developed within the bauxite-kaolin zone. 
There does not, however, seem to be an appreciable 
thickness of underclay as indicated in drill hole USBM 
8-036A. The bauxite is mostly pisolitic and light 
tan, but little is known about the lithologic details.

The overburden, as indicated by company drilling, 
reaches a maximum of 80 feet in thickness. It consists 
of the typical sediments of the Berger formation 
overlain by brown or variegated sand of the Saline 
formation.

Old Rauch open-pit mine (pi. 1, no. 33). This prop 
erty probably is one of those acquired by the National 
Bauxite Co. in 1907, which began mining operations in 
1914 and continued through 1916. The mine is 
sometimes called the Old National pit. In 1917 E. I. 
du Pont de Nemours Co. acquired this property and 
operated it until 1921 at which time the mine was 
abandoned.

The stripped area of the Old Ranch mine is in the 
shape of a curve about 900 feet between the extremities 
and 250 to 300 feet across in places. The overburden 
that was removed before milling operations began was 
as much as 33 feet thick.

Eauch Leased open-pit mine (pi. 1, no. 34). Between 
1941 and 1943, about 140 holes were drilled around 
the edges of the Old Rauch pit by the American 
Cyanamid and Chemical Corp. to delimit the deposit. 
The ore extended for some distance east and south of 
the old workings to a depth of 80 feet. In 1943 the 
company stripped the south lobe of the deposit and 
began mining. Operations were suspended in 1946 
and resumed the following year.

EAST HA ITCH DEPOSIT

Plate 2

This deposit is in the NW%NE% sec. 9 and extends a 
few hundred feet into the SWtfSEtf sec. 4, T. 1 S., R. 
12 W. It is on properties owned by the American 
Cyanamid and Chemical Corp., M. L. Buzbee, and 
Daniel Ranch. About 30 exploratory holes were 
drilled in the NWtfNEtf sec. 9 by J. C. Childress in 
1932. Further drilling by American Cyanamid and 
Chemical Corp. in the 20-acre tract at the south end 
preceded the opening of a strip mine in 1942. The 
rest of the deposit has been worked by the Fourche 
Mountain Mining Co. and the Reynolds Mining Corp.

One of the holes drilled by the Bureau of Mines in its 
investigation of the Ranch Clay area (Malamphy and 
others, 1948, v. 6, p. 3-13, fig. 60) cut the north end of 
this deposit.

The ore body within the 5-foot isopach is about 
1,500 feet long, 300 to 400 feet wide across the central, 
part, and nearly 700 feet across the south end; it is. 
elongate about N. 30° E. and dips fairly steeply to the 
east-southeast. The thickest ore in the north-central, 
part, before mining, reached 26 feet and in the south- 
central part, about 25 feet.

The ore body, which lies within the bauxite-kaolin 
zone above weathered nepheline syenite, can be classi 
fied as a type 2 deposit. It is several hundred feet east 
of a low saddle in the main ridge of Granite Mountain^ 
along a slope northwest of the principal subsurface 
drainage of the basin (pi. 2). A tributary ridge extends 
eastward and valleyward from beneath the central 
part of the ore body.

Most of the bauxite is pisolitic, tan, and soft to fairly 
well indurated. The lower part is fragmeiital in places. 
Along the upslope parts of the body are many boulders 
of granitic-textured bauxite, some of them as large as, 
6 feet in diameter. One rootlike mass of granitic- 
textured bauxite, about 12 feet high and 6 to 8 feet 
across, was exposed by the mining of the shallow or? in 
the Rauch-Owned pit (pi. 1, no. 32) at the southwest 
end of the deposit. The upper part of it was surrounded, 
by pisolitic bauxite and the lower part by a fragmental- 
appeariiig kaolinitic clay grading in places laterally or- 
downward into kaolmized nepheline syenite. This was, 
interpreted as a small remnant of a type 1 bauxite de 
posit, similar to those noted in the West Rauchr. 
Rummel, and Alford-Ross deposits.

The west and southwest margins of the deposit reach, 
the surface in an outcrop of bauxite and bauxitic clay 
nearly 1,000 feet long. It was one of those cited by 
W. B. Powell (1842) more than a hundred years ago. 
A small isolated outcrop of high-silica bauxite and, 
bauxitic clay is about 400 feet north-northwest of the 
north end of the body.

According to company drilling records the overburieii 
reaches a maximum of 75 feet in thickness. It is com 
posed of gray silty clay and lignite of the Berger forma 
tion overlain by chocolate-brown carbonaceous clay 
and variegated sand and clay of the Saline format ; on.. 
The detritus in both of the sedimentary formations; 
contains large quantities of weathered feldspar grains 
in place of the predominant quartz grains found outside 
of the basin. Dips on the lignite beds of the Berger 
formation immediately overlying the bauxite are steep, 
in places as much as 12°, due in part to steep initial dip 
and in part to subsequent compaction of the sediments, 
fringing the bauxite.
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Ranch-Owned open-pit mine (pi. 1, no. 32}. The 
south end of the deposit was mined by the American 
Cyanamid and Chemical Corp. in a 20-acre tract 
bought from Daniel Ranch. Six holes drilled by J. C. 
Childress in 1932 indicated that 5 acres in the north 
west-central part of this tract were underlain by 
bauxite as much as 24K feet thick. The company 
drilled 19 additional holes before stripping the bauxite. 
The pit was opened in 1942 and mining continued until 
1944.

The upper surface of the bauxite in this mine dipped 
about 10° to the east. The ore was overlain by 7 to 
67 feet of Wilcox sediments.

Ranch Property open-pit mine (pi. 1, no. 31). The 
central part of the ore body in the NE#NW#NE# 
sec. 9 was worked by the Fourche Mountain Mining 
Co. The overburden was removed after about 75 
exploratory holes had been drilled in the property by 
the Sweet Home Bauxite Co. in 1943. About three- 
fourths of the ore produced from August 1943 to Jan 
uary 1944 was classified as "low silica restricted" by 
the Metals Reserve Company and the rest as "high 
silica restricted." The mine has not been operated 
since 1944.

Suzbee open-pit mine (pi. 1}. The north end of the 
deposit on the M. L. Buzbee property in sec. 4 was 
explored and mined by the Reynolds Mining Corp. 
Late in 1942 the company drilled 30 holes to delimit 
the ore, most of the holes were spaced about 100 feet 
apart on a rectangular grid. The overburden was 
stripped and the ore mined during 1946, after which 
the pit was abandoned.

According to the drill-hole records the overburden 
at this end of the deposit ranged in thickness from 7 to 
about 65 feet.

FINNEGAN DEPOSIT

The Finnegan deposit (Malamphy and others, 1948, 
v. 5, p. 78-87, fig. 54) is in the SE#SE# sec. 3 and 
extends into the northern part of the NE#NE# sec. 10, 
T. 1 S., R. 12 W. It is on properties owned by J. D. 
and Lucy Finnegan, L. L. Hempstead, Garvin Johnson, 
and Mrs. W. E. Rowe. The ore body was found first 
in USBM drill hole 2-036, completed August 24, 1942, 
in which 4% feet of pisolitic bauxite and bauxitic clay 
were logged but not cored. It was investigated by 
drilling 29 holes.

The relation of this deposit to the post-Midway 
erosion surface and to other small bodies south of it is 
shown in plate 20. Although it lies within the Primrose 
Church basin and is described with other deposits in

this area, it is across a narrow southwestward-trending 
weathered iiepheline syenite ridge from the Birnbach 
deposit of the Woodyardville area. Its structure and 
geologic history, moreover, appear to be closely related 
to that deposit. It also is in line with the general 
trend of the deposits of the fronton area immediately 
to the south.

The bauxite-kaolin zone in which the Finnegan 
deposit has been developed lies immediately above 
weathered nepheline syenite. The south end is about 
1,200 feet northeast of the buried edge of the Wills 
Point formation and overlaps a buried pendant of 
weathered shale of Paleozoic age in the nepheline 
syenite. The fragmeiital underclay including the 
bauxitic clay below the ore ranges from about 8 to 120 
feet in thickness beneath the northern part of the 
deposit.

The ore body is narrow and sigmoidally curved. 
Within the 5-foot isopach it is 1,100 feet long, in a line 
oriented about N. 20° E. and has an average width of 
about 200 feet. It is a composite of two different types 
of bauxite bodies. The northern part is type 2, which 
reaches a maximum thickness of 14.3 feet in USBM 
drill hole 7-162B. The south half of this body is over 
lain by a type 3 deposit, a lens of hard, pebbly, pisolitic 
bauxite, separated from the type 2 below by 5 to 20 
feet of kaoliiiitic clay, carbonaceous clay, and lignite. 
The carbonaceous beds are at the top and bottom of the 
intervening clay wedge.

The northern tip of the type 2 deposit is composed 
entirely of pisolitic bauxite. In USBM chill hole 7-162B 
the upper part is pisolitic but the lower half of the ore 
is composed of very fragmeiital bauxite, a photomicro 
graph of which is shown in plate 14(7. In the holes to 
the south, the entire thickness of the typ3 2 deposit 
is composed of nonpisolitic fragmental bauxite. The 
bauxite in both types of deposits grades upward into 
more siliceous material overlain by bauxitic and 
kaoliiiitic clay, as much as 12 feet thick locally.

The overburden, including the bauxitic and kaoliiiitic 
clay above the ore, ranges from about 95 to 157 feet in 
thickness for the type 2 deposit, and from 131 to 154 
feet for the type 3. The Berger sediments above the 
bauxite-kaolin zone consist of the typical gray silty 
clay interbedded with lignite. They are absent in a 
couple of drill holes above the subsurface ridge in the 
northeastern part of the drilled area. These beds 
reach a maximum thickness of 81 feet at the southwest 
edge of the chilled area. The Saline formation ranges 
in thickness from 19 to 104 feet; like the Perger, it is 
thinnest along the subsurface ridge and thickens south- 
westward across the valley. The chocolate-brown car 
bonaceous clay varies in thickness and in places is
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underlain by a white silty clay or sandy silt, or by a 
dark gray carbonaceous clay. Locally the dark-brown 
carbonaceous clay is overlain by a plastic yellow and 
lavender clay. The upper weathered part of the forma 
tion consists of variegated sand, silt, and clay; the 
colors include red, gray, yellow, brown, and buff.

ECHO VALLEY

This area was formerly known as Fourche Cove. 
It is a natural embayment in the Pulaski nepheline 
syenite mass, that drains northeastward toward Fourche 
Bayou. The valley occupies most of the SE}£ sec. 22, 
the S% sec. 23, all of sees. 26 and 27, the E% sec. 33, 
and the N# sec. 34, T. 1 N., R. 12 W. (fig. 58). The 
altitude of the ridges surrounding this valley on three 
sides range from about 395 to 535 feet; the lowest point, 
at the mouth of the cove, is about 245 feet.

The geologic map (pi. 1) shows the principal rocks 
exposed in this area. These consist of greenish-gray 
altered shale and quartzite of Paleozoic age, two masses 
of fourchite, and nepheline syenite dike rocks that have 
been discussed in "Intrusive igneous rocks." The 
valley bottom is filled with brown and gray sand and 
gravel that resembles that of the lentil along the north 
west and upslope edge of the Saline formation in 
Pulaski and Saline Counties and it has been so mapped 
in Echo Valley (pi. 1). Two outcrops of pulaskite 
protrude through this gravel cover; along part of its 
east side is a long narrow outcrop of gray nepheline 
syenite.

Only one bauxite outcrop is exposed in the valley  
on the line that divides the SE%SW% sec. 23 and the 
NE&NWM sec. 26. It is on the brow of a short tribu 
tary ridge near the north end of the valley and is 
surrounded by sand and gravel cover of the Saline 
formation, several hundred feet west of the main 
pulaskite outcrop. Abundant bauxite boulders are 
scattered across the surface of the ground in this area, 
at altitudes from 280 to 290 feet. Chemical analysis of 
this material has shown it to be of excellent grade, low 
both in iron and silica content. The bauxite appears 
nonpisolitic and when broken some of it is seen to con 
tain scattered randomly oriented linear cavities, indi 
cating a crude granitic texture. Its topographic 
position and its crude texture indicate that the bauxite 
is the remnant of a type 1 deposit.

Four holes (USBM 4-028 to 4-031, inclusive) were 
drilled in Echo Valley during August 1942 (Malamphy 
and others, 1948, v. 4, p. 3, fig. 42). All struck de 
composed nepheline syenite rock after cutting through 
6 to 26 feet of sediments, most of which probably are 
of Saline age. These include brown and gray unsorted 
silty sand and gravel with ironstone boulders, light- 
gray and red sticky clay, ocher-colorecl sandy clay,

yellowish-brown clayey sand, silt, and sandy clay, and 
rework ed kaolinized nepheline syenite.

The thinness of the cover and the apparent absence 
of sediments of the Berger formation, it is believed, 
preclude the possibility of undetected buried deposits 
of bauxite in this area.

AREAS INVESTIGATED BETWEEN THE TWO PRODUCING 
DISTRICTS

Part of the exploration by the government was 
directed toward an investigation of the noiiproducing 
areas between the Pulaski and Saline mining districts. 
Three areas believed to be the most favorable for the 
accumulation of bauxite were explored. The first of 
these, the Mabelvale-Alexander area, comprises the 
land along the Midway-Wilcox contact, including 
aluminous deposits under relatively thin cover of sedi 
ments of the Wilcox group south of the contact, as 
well as in outliers north of the contact.

The other two areas surround small hills of nepheline 
syenite that protrude above the sediments of the Mid 
way group, but are buried beneath sediments of the 
Wilcox group. One of them is called the Ledbetter 
high in the vicinity of Ledbetter Creek, at the border 
between Pulaski and Saline Counties and the other is 
called the Sardis high in the vicinity of Sardis, Saline 
County.

Although small deposits of low-grade bauxite have 
been found in all three areas, none is of sufficient size 
or grade to be of commercial interest except under 
stringent emergency conditions.

MABELVALE-ALEXANDER AREA

The Mabelvale-Alexander area extends from about 
a half mile west of Berger southwest to include Alex 
ander, a strip of land about 8 miles long and as much 
as 3 miles wide, irregularly elongate south westward. 
The town of Mabelvale near the center of the area is 
about 7 miles southwest of Little Rock.

About 50 holes were drilled, most of them in the 
NK T. 1 S., R. 13 W., south of the Midway-Wilcox 
contact, several in sees. 7 and 8, T. 1 S., R. 12 W., and 
several others in outliers in sees. 31 and 32, T. 1 N., 
R. 12 W. These holes ranged from 13^ to 150 feet 
in depth (Malamphy and others, 1948, v. 4, p. 2-4, 
fig. 42; v. 5, p. 2-7, fig. 49; v. 10, p. 2-4, fig. 90).

Along the Midway-Wilcox contact in this area are 
many outcrops of bauxitic clay and bauxite (pis. 1 and 
2). The post-Midway erosion surface slopes gently 
southeastward and was drained by several minor 
stream systems, now buried, with low hills and ridges 
between. Only one stream of major consequence 
crossed the area. Its buried valley lies in the same 
general position as the present-day valley of Otter 
Creek, about midway between Mabelvale and Alex-

452762 58- 15
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ander. A second ancient stream, which bounds the 
area on the east, flowed southward in a valley im 
mediately west of Berger. Between these streams the 
post-Midway topography has a relief of about 150 
feet. One of the larger ridges, the northern limit of 
which is not known, extends southward from Mabel- 
vale and curves eastward in sec. 14, T. 1 S., R. 13 W. 
Less prominent buried ridges lie at either side of it 
(pi. 2). The weathering profile on the surface of the 
Midway sediments is present in most places except in 
the bottoms of ancient stream drainage channels. 
This weathered zone has been stripped irregularly from 
the sides of the buried valley beneath Otter Creek.

The deposits of low-grade bauxite and bauxitic clay 
are located on the flanks of broad hills and ridges. 
Their topographic position in elevated areas of good 
drainage on the post-Midway erosion surface, separated 
from any possible sources of nepheline syenite detritus, 
indicates that the bauxitic rock probably was derived 
from the weathering of sediments of the Midway 
group in place. This conclusion is supported by the 
observed gradation downward of pisolitic bauxitic 
clay into weathered clay of Midway age and the 
unweathered clay beneath. The Mabelvale bauxite is 
believed to be analogous to the type 1 deposits residual 
on the nepheline syenite surface.

The clay beds of the Midway group are much less 
suitable both physically and chemically as a source 
of alumina than the nepheline syenite rocks. This 
feature is sufficient to eliminate the Mabelvale-Alex- 
ander area as an important source of bauxite.

LEDBETTER CREEK AREA

Underneath part of the area drained by Ledbetter 
Creek is a small buried hill of nepheline syenite rock 
that is called the Ledbetter high on plate 2. It is less 
than a mile west of the buried southern part of the 
Pulaski nepheline syenite hill, in an area of about 3 
square miles in sees. 29, 30, and 31, T. 1 S., R. 12 W., 
Pulaski County, and in sees. 24, 25, and 36, T. 1 S., R. 
13 W., Saline County (fig. 58). A main eastward- 
trending ridge extends for nearly 2% miles; the altitude 
ranges from about 90 to 140 feet. The highest summit, 
in the SE#SEJ£ sec. 30, lies a little south of the main ridge 
and is the high point of a prominent tributary hill that 
extends for more than a mile south-southwest of the 
ridge. This summit, at an altitude of 168 feet, lies 
within 130 feet of the present ground surface.

Nearly 2 square miles of the nepheline syenite surface 
is not covered by sediments of the Midway group. The 
buried nepheliiie syenite outcrop on the post-Midway 
erosion surface (pi. 2) is irregularly distributed in a 
lobate area that is crudely hatchet shaped. In the 
western part of the Ledbetter high in Saline County, the

north slope and much of the ridge top is covered by 
dark-gray silty clay of the Wills Point formation; the 
south slope and parts of the ridge crest are free from 
Midway sediments. In the eastern or Pulaski County 
part, the Midway sediments are absent on all of the 
summits and steeper slopes and show evidence of con 
siderable erosion of the Midway before deposition of the 
Berger continental sediments. In a small embayment 
in the southwest corner of sec. 30, in the south-central 
part of the hill, a couple of drill holes entered limestone, 
clay, and debris of the Kincaid formation directly be 
neath the Berger sediments. Drill holes along the south 
side of the buried hill cut considerable coarse silty ma 
terial in the Wills Point and conglomeratic beds in the 
Berger formations.

The Ledbetter high was discovered independently by 
several separate geophysical surveys: In seiemic refrac 
tion surveys by Sherwin F. Kelly Geophysical Services, 
Inc. for the Republic Mining and Manufacturing Co.; 
by the National Geophysical Co. for the Reynolds Min 
ing Corp.; and by magnetic and gravimetric surveys by 
the Heiland Research Corp., for the U. S. Bureau of 
Mines. The area was explored by more than 80 drill 
holes by the Republic Mining and Manufacturing Co. 
before 1944; Reynolds drilled at least a dozen additional 
holes on several properties.

Late in 1944 the Federal drilling program confined its 
efforts to testing, what were considered tc be inade 
quately explored parts of the buried hill in Pulaski 
County. Fourteen holes were drilled, spaced about 
1,000 feet apart in several rows. Locations and tabu 
lated information from these drill holes have been pub 
lished by Malamphy and others (1948, v. 8, p. 4, fig. 81). 
The 14 drill holes were sufficient to show thr.t excessive 
erosion in the eastern part of the buried hill had stripped 
away any bauxite that might have formed on the 
nepheline syenite surface.

In the part that lies in Saline County, however, com 
pany exploration of this hill discovered ir places as 
much as 18 feet of low-grade bauxite and kaolinitic clay 
of the bauxite-kaolin zone, overlying kaolini^ed nephe 
line syenite or clay of Wills Point age. NearTy all of the 
bauxite has a high iron content and much of it also has 
a high silica content. Part the bauxite is of o^e grade by 
virtue of a silica content locally as low as 4 percent, but 
this is coupled with a high iron content. Bauxite show 
ings were recorded in scattered drill holes in sees. 25, 26, 
and the NE# sec. 27, T. 1 S., R. 13 W., at depths ranging 
from about 160 to 260 feet below the surface. Very little 
bauxitic material is at present of commercial grade, but 
should ore requirements be materially Iower3d at some 
future time, further exploration of this arer, would be 
warranted.
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SARDIS AREA

Near the settlement of Sardis is a small buried hill 
of nepheline syenite that is called the Sardis high on 
plate 2. It is a half mile east of the northeastern part 
of the buried Saline dome, from which it is separated 
by a major buried valley. The Sardis high lies mostly 
in sees. 15 and 16, T. 2 S., R. 14 W., and spurs extend 
northward into sees. 9 and 10 and west and south into 
sees. 14, 22, and 23 (fig. 60). Two principal summits 
are about 45 and 105 feet above sea level. The highest 
part of the hill, in the NW^NWX sec, 15, is about 240 
feet below the present ground surface.

The slopes of nepheline syenite are overlapped by the 
edge of the sediments of the Midway group. On the 
north and east sides of the Sardis high the dissected 
and gently sloping surface of these sediments forms the 
base of the slopes at altitudes that range from 50 feet 
below sea level on the northwest flank to 200 feet 
below sea level on the southeast flank of the hill. On 
the west and south sides of the Sardis high the trace of 
the contact between Midway sediments and igneous 
rock is irregular and in a few places it extends up the 
hillside. A minor summit in the SW'X sec. 16 is ap 
parently covered completely by sediments of Midway 
age at an altitude of 20 feet below sea level, whereas 
the bottom of the adjacent major valley to the west, 
more than 100 feet lower, between the Sardis high and 
the Saline dome, is stripped of sediments.

About 2 square miles of the nepheline syenite on the 
Sardis high are not covered by sediments of Midway 
age. In most places where the Midway formation is 
lacking, weathered to fresh nepheline syenite is over 
lain by fine to medium, gray to green clayey sand of 
the Berger formation, which in other areas seems to be 
associated with widespread erosion that has stripped 
away much or most of the deposits of the bauxite zone.

The buried Sardis nepheline syenite hill, like the 
buried Ledbetter hill, is the cause of a marked local 
magnetic anomaly shown on the map of Stearns (1930). 
The significance of the anomaly, however, was not dis 
cussed by Stearns and the hill was apparently not dis 
covered until the geophysical surveys made during the 
expansion of the mining industry before World War 
II. The hill was discovered independently by refrac 
tion seismograph surveys made by Sherwin F. Kelly, 
Geophysical Services, Inc., for the Republic Mining 
and Manufacturing Co.; by the National Geophysical 
Co. for the Reynolds Mining Corp.; and by magnetic 
and gravimetric surveys made by the Heiland Re 
search Corp. for the U. S. Bureau of Mines. The area 
was explored by more than 50 drill holes by Republic 
Mining and Manufacturing Co. before 1944. The 
joint Federal drilling program drilled 44 holes from

December 1943 to April 1944, spaced about 1,000 feet 
apart on a triangular grid.

Locations and tabulated data of these drill holes 
have been published by Malamphy and others (1948, 
v. 11, p. 2-7, fig. 94; v. 12, p. 3, fig. 99). In nearly half 
of the holes, greenish-gray clayey sand and silt of the 
Berger formation were found unconformably overlying 
either decomposed to fresh nepheline syenite or some 
what weathered to fresh, black, silty clay of the Mid 
way group. In these holes no recognizable baurite- 
kaolin zone was present. Kaolinized nepheline syenite 
from a few feet to 24 feet in thickness was found in 13 
holes. A true bauxite-kaolin zone was cored in 12 
drill holes, of which 4 contained bauxitic clay ard 2 
contained bauxite. All 12 holes in which the baurite- 
kaolin zone is present lie in southward-trending minor 
valleys or on south slopes that were protected from 
Eocene erosion by spurs or promontories of nepheline 
syenite to the north. Most of the bauxitic clay and 
kaolin overlies the lobes of the Wills Point formation 
that cover the slopes of nepheline syenite in the 
WKSW'% sec. 15 and S% sec. 16. This area is worth 
further exploration, for this part of the Sardis high was 
less exposed to erosion during the deposition of the 
Berger and Saline sediments than the other parts.

In one drill hole, USBM 13-147, nearly 10 feet of 
bauxite of high iron content was cored at depths from 
464 to 474 feet. In this drill hole, which bottomed in 
limestone of the Kincaid formation, the Wills Point 
formation is 7 feet thick; the bauxite-kaolin zone, 26 
feet; the carbonaceous and clastic sediments of the 
Berger formation, 129 feet; the Saline formation, most 
of which is composed of brown carbonaceous sandy 
clay, 207 feet; the Detonti sand, 83 feet; and an uf^er 
white clay overlain by surface sand and soil, 40 feet. 
No close drilling was done to delimit the bauxite in 
this hole.

It is not likely that any large bauxite deposits are 
associated with the buried Sardis high, although it is 
possible that one or more small deposits might be found 
that would be minable under emergency conditions.

SALINE MINING DISTRICT

Bauxite deposits associated with the Saline and the 
Bryant nepheline syenite masses comprise the Saline 
mining district. This was called the Bryant district 
by Hayes (1901) but the name was not generally 
accepted by miners or later writers. The U. S. Geo 
logical Survey Mineral Resources of the United States 
and the U. S. Bureau of Mines Minerals Yearbook refer 
to production from Saline County. The nepheline 
syenite rocks of the Saline dome (pi. 2) crop out exten 
sively in T. 2 S., R. 14 W., near the town of Bauxite, 
but they do not form pronounced topographic highs as
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in Pulaski County, nor is their area of outcrop nearly 
so great. The outcrops near Bauxite are separated 
by the valley of Hurricane Creek from several small 
outcrops of iiepheliiie syenite east of the town of 
Bryant. These outcrops are the surface exposures 
of the buried nepheline syenite hill called the Bryant 
high on plate 2. The buried bauxite and kaolin rocks 
form extensive, flat-lying deposits on the northwest 
side of the Bryant high, and scattered, small deposits 
on the southeast side. The north and east sides are 
almost barren. Major deposits fill northeastward, 
northward- and west ward-trending buried valleys of 
the Saline dome, and form extensive aprons about the 
flanks of the dome. The east side is relatively barren. 
The area covered by the deposits is shown in the sub 
surface map (pi. 2).

More than half of the bauxite in Saline County lies 
on the sloping sides of nepheline syenite hills along 
major buried valleys that in Eocene time drained the 
Saline dome. Much of this bauxite is residual upon the 
nepheline syenite, although a large part of it has moved 
down the valleys.

The rest of the bauxite is concentrated along the 
flanks of the Saline dome, and lies on sediments of 
Midway age that wedge out against the nepheline 
syenite. Some of these deposits lie entirely on the clay 
of Wills Point age, the upslope parts of others lie on 
nepheline syenite, and a few rest entirely on the nephe 
line syenite a short distance from the lip of the Midway 
sediments.

Many residual bodies crop out at the surface, along 
the line of outcrop of the nepheline syenite, but most 
of them are buried beneath Eocene continental sedi 
ments that include sand, clay, and lignite beds. The 
overburden thickens away from the igneous outcrops 
in all directions, but especially to the southeast due to 
the regional dip of the Coastal Plain sediments. The 
southernmost deposit is overlain by 475 to 585 feet of 
overburden. The Saline mining district is divided for 
convenience into 10 geographic areas, each named for the 
principal landmark or settlement within it. The limits 
of each area are determined by the surface and sub 
surface configuration of the topography of the nepheline 
syenite masses. Most deposits fall into groups clearly 
bounded by the limits of these areas, but some overlap 
and a few lying in one area are grouped with deposits 
of the adjacent area for convenience. The 10 areas, 
shown on the index map (fig. 60) are as follows:

1. Bryant area the west and northwest flanks of the Bryant 
high, including deposits in part of sees. 2 and 3, T. 2 S., 
R. 14 W., and sees. 25, 34, 35, and 36, T. 1 N., R. 14 W.

2. Brooks area the east and south flanks of the Bryant high, 
including deposits in sec. 31, T. 1 S., R. 13 W., and in 
sec. 1 and parts of sees. 2 and 12, T. 2 S., R. 14 W.

3. Davis area a northward-trending buried valley on the 
Saline dome, including deposits in sees. 10, 15, and 22, 
T. 2 S., R. 14 W.

4. Hurricane Creek area the northeast flank of the Saline 
dome, including deposits in sees. 11, 12, and 14, T. 2 S., 
R. 14 W., and part of sees. 7 and 18, T. 2 S., R. 13 W.

5. Mount Olive area a northeastward-trending brried valley 
on the Saline dome, including deposits in sees. 13, 24, and 
part of 23, 25, and 26, T. 2 S., R. 14 W., and sees. 18, 19, 
and 20, T. 2 S., R. 13 W.

6. Brushy Creek area an embayment on the southeast flank 
of the Saline dome including deposits in sec. 36, T. 2 S., 
R. 14 W., sec. 31, T. 2 S., R. 13 W., and sec. 1, T. 3 S., 
R. 14 W.

7. Neilson area a southwestward-trending buried valley on the 
Saline dome, including deposits in sec. 27 and parts of 
sees. 22, 23, 26, and 28, T. 2 S., R. 14 W.

8. Detonti area the southwest flank of the Saline dome, in 
cluding deposits in sees. 28, 29, 32, 33, and T4, T. 2 S., 
R. 14 W., and sees. 3 and 4, T. 3 S., R. 14 W.

9. Bauxite-Woodland area the west flank of the Saline dome, 
including deposits in sees. 9, 16, 17, 20, and 21, T. 2 S., 
R. 14 W.

10. Pine Haven area deposits lying on the Wills P?int forma 
tion, separated from the Saline dome by a buried valley 
peripheral to the dome. Includes deposits in sees. 4, 5, 
and the north half of part of 9, T. 2 S., R. 14 W.

BRYANT AKEA

The deposits lie southeast and east of Bryant, a small 
town on the Missouri Pacific Railroad, and. extend 
northwestward from the southeast corner of sec. 3, T, 
2 S., R. 14 W., through sees. 34, 35, and 36, and into 
the SW%SE% sec. 25, T. 1 S., R. 14 W. (fig. 60). All- 
weather gravel roads pass over or within a mile of all the 
deposits.

In the Bryant area the deposits are extensive blankets 
on the northwest and west slopes of the buried Bryant 
nepheline syenite mass called the Bryant high, and 
extend northwestward onto a broad flat subsurface 
valley partly filled with sediments of the Midway group 
(pi. 2) This valley trends N. 50° E., parallel to the 
crest of the nepheline syenite ridge. At the northeast 
end of the ridge, in the S# sec. 20, T. 1 S., R. 13 W., 
the buried valley enters a large one that in early Eocene 
time drained the Paleozoic upland to the north and 
flowed southeastward across the north end and along 
the east side of the nepheline syenite hill.

Along the broad valley bottom oil the post-Midway 
surface, beneath the bauxite deposits, are several de 
pressions represented on the subsurface mr,p (pi. 2) 
by closed contours. Most of the deposits ai*3 elongate 
in a northeasterly direction, but some are irregular in 
outline. The largest is slightly more than a mile long. 
Parts of the depressions are steep-sided gullie? as much 
as 60 feet deep. Despite the large amount of drilling 
that was done in this area, much of it or 200-foot 
centers, 110 outlet to these buried basins was found.
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EXPLANATION

R. 13 W.

FIOUEE 60. Sketch map of the Saline mining district, showing the areas into which it has been subdivided for the purpose of describing the deposits.

The lowest part of the depression is less than 180 feet 
above sea level, whereas the lowest outlet northeast 
ward into the main southward-flowing valley is more 
than 240 feet above sea level. It is possible that a 
narrow channel (between drill holes) might have con 
nected the largest depression with either of two small 
northeastward drainage channels in the NE% sec. 25. 
That they probably were closed basins at the beginning 
of Berger time is indicated by the presence of lignite 
beneath the bauxite-kaolin zone in two of them, the only 
place in the bauxite region where such a relationship 
was found. This probably indicates that these basins

contained shallow lakes or swampy areas at the same 
time bauxite was forming higher upslope on the nephe- 
line syenite surface.

Two explanations of the origin of these basins are 
possible. The first is that they might be sinkhole areas 
formed by the downward movement of water, in this 
poorly drained region, through the Wills Point forma 
tion into the sandy limestone of the Kincaid formation 
below. This limestone is reported to have exceeded 100 
feet in thickness in one drill hole. However, it is diffi 
cult to see how enough water could percolate through 
the fine clay of the Wills Point formation, which in
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places is 50 feet thick. The second explanation is that 
they may have been caused by erosion along an ancient 
buried shear zone, perhaps a part of the same fault 
zone that originally controlled the intrusion of the 
nepheline syenite. This hypothesis is suggested in part 
by their elongation and in part by the fact that the 
basins are almost in line with the buried contact, as 
determined l>y drill holes, between the nepheline syenite 
and the rocks of Paleozoic age at the north edge of the 
igneous complex. The second explanation might also 
imply further movement along the fault in late Midway 
time. Erosion of the Wills Point sediments along this 
zone of weakness may have permitted a subterranean 
drainage to form in the Kincaid limestone. Thus it is 
possible that their configuration is the result both of 
erosion along a shear zone and of solution and collapse 
of sinkholes.

The thick bauxite deposits on weathered nepheline 
syenite southeast and east of the valley bottom are 
concentrated in reentrant basins and tributary valleys 
whereas those to the west and northwest, on the nearly 
flat surface of the Midway rocks, are typically thin and 
extensive, but are locally thick within the depressions.

The bauxite is covered by lignite and carbonaceous 
clay, silty to sandy clay, and sand of Wilcox age ranging 
in thickness from about 10 to more than 280 feet.

Before the Federal drilling program in the north 
western part of the area, company records of mining 
and drilling in the SW% and the NE}£ sec. 35, T. 1 S., 
R. 14 W., indicated that bauxite was present on clay 
of Midway age.

The first wildcat hole, USBM 2-196, drilled on May 
25, 1943, in the northwest corner SE^SEtf sec. 35, 
T. 1 S., R. 14 W., recorded 22.4 feet of ore.

OSAGE DEPOSIT

By William B. Alien 

Plate 2

The largest deposit associated with the Bryant 
nepheline syenite mass forms a fringe around its west 
end. It lies along the line between sees. 2 and 3, 
T. 2 S., R. 14 W., extends northward into the E%SE% 
sec. 34, thence eastward into the W% sec. 35, T. 1 S., 
R. 14 W. Several large lobes of bauxite extend into 
adjacent areas. The deposit is more than \% miles 
long iii a north-south direction, and its maximum width 
is more than half a mile.

Exploration on the western part of the deposit was 
done by private companies. Additional information 
was gained from a series of holes in sees. 2 and 3, drilled 
by the Bureau of Mines to test the high-alumina clay 
deposits of the area (Malamphy and others, 1948,

v. 16, p. 2-11, fig. 108). The Hardy ore bodies, com 
prising the eastern part of the deposit, were drilled on 
about 200-foot centers by the joint Federal project 
(Malamphy and others, 1948, v. 15, p. 29-92, fig. 107).

The deposit is a colluvial blanket (type 2) that 
mantles the weathered nepheline syenite slopes and 
also covers the lip of the Wills Point formation where 
it thins out against the nepheline syenite. Upslope 
parts of the deposit east and southeast of the Wills 
Point and nepheline syenite contact contain thick 
accumulations of bauxite, on the slopes of hills, that are 
residual (type 1 deposit). Northwest of the contact a 
large part of the deposit lies on the flat surface of the 
clay of Wills Point age. Here, the extensive flat 
blanket of bauxite is thin, somewhat irregular in quality, 
and clayey. The southern extension of the deposit, in 
which are situated the Quapaw and Hogue-Fletcher 
mines (pi. 1, nos. 51, 52, and 53), gently overlaps a 
buried ridge on the Midway surface and fills a south 
ward-trending valley. The limits of the bauxite in this 
part of the deposit are poorly defined on the subsurface 
map (pi. 2), partly because of a lack of accurate infor 
mation as to thickness and grade, and partly because 
the deposit passes laterally into a ferruginous rock that 
contains patches of bauxite. The ferruginous parts of 
the deposit are irregular in thickness and in lateral 
distribution.

The overburden ranges from less than 10 feet to more 
than 160 feet. It consists of lignite, carbonaceous clay, 
and sandy clay of the Berger formation overlain by 
dark-brown sandy carbonaceous clay and coarse sand 
of the Saline formation.

Hogue-Fletcher open-pit mine (pi. 1, no. 53). This 
mine, owned and operated by Maner-Graham, is located 
in the NW^SW^ sec. 2 and extends eastward into the 
NE#SEK sec, 3, T. 2 S., R. 14 W. Exploration of the 
area has been largely by private companies, although 
in July, November, and December 1943, a series of 
widely spaced holes was drilled by the U. S. Bureau of 
Mines, as part of a project to test the high-alumina 
clay near Bryant. Stripping operations by Maner- 
Graham began about January 1, 1943, and bauxite 
was mined from June to November of that year.

This is the southernmost mine on the large Osage 
deposit. The bauxite is a colluvial (type 2) accumula 
tion in a large valley on the Midway surface, about 
1,000 feet west of the buried edge of the Wills Point 
formation where it thins out against the nepheline 
syenite.

No examination of the ore was made while the mine 
was in operation. The pit is now filled with water and 
110 bauxite is exposed, but it probably is similar in 
character to that of the Quapaw pit next described.



SALINE MINING DISTRICT 219

The pit is elongate and is L-shaped. Its total length 
is about 1,800 feet and its average width about 300 feet. 
The overburden ranges from about 50 to 70 feet, and is 
composed of lignite, lignitic clay, and sandy to silty 
carbonaceous clay of the Berger and Saline formations. 

Quapaw open-pit mine (pi. 1, nos. 51 and 52}. The 
Quapaw is owned by the American Cyanamid and 
Chemical Corp. It is located about 2 miles south of the 
town of Bryant and lies in the SE#NE# and the NE#- 
SE% sec. 3, T. 2 S., R. 14 W. The mine lies north of 
the Hogue-Fletcher mine previously described. It is 
about 2,000 feet long in a north-south direction and has 
a maximum width of about 750 feet.

Nearly all exposures of bauxite in the pit are now 
flooded, but one remaining contact at the south end 
was observed in the spring of 1945. Here the bauxite 
is light gray to almost white, fairly hard, pisolitic, and 
pebbly. The pisolites range in size from 5 to 20 milli 
meters in diameter, have dark-gray interiors and are 
generally softer than the matrix. The pebbles are tan, 
well-rounded granitic-textured bauxite, and range in 
size from 10 to 50 millimeters in diameter. The matrix 
contains a clay mineral that is hard and gray with a 
pearly luster. The ore is capped by a layer of tan to 
pinkish-tan crystalline siderite 2 to 3 feet thick. The 
overburden, 20 to 60 feet thick, is composed of lignite, 
lignitic clay, and carbonaceous clay of the Berger 
formation, overlain unconformably by dark brown 
sandy clay and sand of the Saline formation (fig. 5).

The date of stripping of the overburden is unknown 
but mining took place during 1942 and 1943. The ore 
that was mined is a part of the Osage deposit, and lies 
on the east flank of a ridge on the eroded and weathered 
surface of the Wills Point formation.

Rowland shaft mine (pi. 1, no. 47)- The mine oper 
ated by Taff, Fleming, Dryden and McWorkman, is 
located on the Rowland lease in NE%SE# sec. 34, 
T. 1 S., R. 14 W.

Preliminary subsurface exploration of the property 
consisted of 25 test holes drilled on a rectangular grid 
pattern and spaced 300 feet apart.

The bauxite lies on a gently rolling to almost flat 
surface on clay of the Wills Point formation and is a 
part of the Osage deposit (pi. 2).

The ore body in the deposit is a lens-shaped, elliptical 
mass dipping gently toward the southeast corner of the 
lease, where the shaft is located. This point is about 
1,000 feet northwest of the buried Midway and nephe- 
line syenite contact.

The ore in the deposit averaged about 7 feet in thick 
ness and lies about 117 feet below the surface.

One specimen of high-grade bauxite, obtained from 
a small dump on the property, is a light-gray to grayish- 
tan, firm, sparsely pisolitic rock. The matrix is es

sentially structureless and contains a few minute dark 
mineral grains. The pisolites are well rounded, slightly 
harder than the matrix, range in size from about c to 
15 millimeters and make up about 15 percent of the 
bauxite. A chemical analysis of the specimen is shewn 
below:

Analysis by field laboratory of the U. S. Bureau of Mine?,
Little Rock, Ark.

Percent

A12 O8     -     -----                   -   ---- 59. 9
SiO3 _________-___-_-_______  ____-___   _-     _____ 6. 1
Feas Fe2 O3 -__-__-____-__---__-_-__-_-___-______--_ 1.5
TiOa _-_    _-_     _---_-   __       _         ___ 2. 0
Ignition loss___________ ____________________________ fO. 0
Insoluble._________________________________________ . 5
FeO_______________________________________________ . 2

Bryant shaft mine (pi. 1, no. 48). The mine is about 
1 mile southeast of the town of Bryant and is in the 
SW^SWK sec. 35, T. 1 S., R. 14 W. The Bryant mine 
is one of the old underground mines in Saline Courty. 
It was originally owned and operated by Consolidated 
Chemical Industries, Inc., and was known at that time 
as the Alexander 1 mine. The mine was operated in 
1942 by the Dulin Bauxite Co., under whose ownership 
it was known as the Bryant mine, and in 1943 by 
the Osage Bauxite Co. of Bryant, who sank a new shaft 
and opened new workings.

The ore, which is found at an average depth of 120 
feet, is concentrated in a shallow basin on the Midv^ay 
surface. The deposit is a large irregular blanketlike 
part of the Osage deposit lying west of the southwest 
end of the Bryant nepheline syenite mass. Little is 
known about the ore except that it was pisolitic and 
similar in character to that found elsewhere in the 
vicinity. The ore averaged about 51 percent A12O3 , 10 
percent SiO2 , and 6 percent FeO.

Elrod and West Elrod open-pit mine. (pi. 1, nos. 49 
and 50). This mine, located about V/2 miles southeast 
of Bryant, Ark., was formerly owned and operated by 
the Alcoa Mining Co. It was later owned by the 
Reynolds Metals Corp. It is divided into two pr.rts 
referred to in this report as the Elrod pit and the 
West Elrod pit.

The West Elrod pit is in the NEtfNEtf sec. 3, T. 2 
S., R. 14 W. The overburden was stripped from the 
bauxite in the latter part of 1942 but the mine was not 
operated, and in late 1948, when last visited by the 
writers, it was being used as a basin for water pumped 
into it from the East pit.

The Elrod pit lies in the NW#NW# sec. 2, 
T. 2 S., R. 14 W., and is separated from the West 
Elrod pit by a narrow unstripped ridge accommodating 
a road. The overburden was removed during the latter 
part of 1942 but mining operations did not begin until 
the latter part of the summer of 1944.
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The mines are on the central or west-central part 
of the Osage deposit. A small nepheline syenite ridge, 
trending about N. 45° E., cuts across the southeast 
corner of the pit. The bauxite blankets this ridge and 
dips down the slope to the northwest onto the wedge 
of Midway sediments, the edge of which nearly parallels 
the long axis of the ridge.

The bauxite in the Elrod pit lies almost entirely on 
kaolinitic nepheline syenite. A small part of the 
bauxite in the extreme northwest corner of the pit over 
lies the Wills Point formation.

The surface upon which the bauxite rests forms the 
west flank of a large nepheline syenite hill, a small 
part of which crops out about 600 feet east of the 
mine. A large valley, trending almost due south on 
the eroded Midway surface, heads in the south-central 
part of the Elrod pit. This buried valley borders 
the Bryant nepheline syenite mass 011 its southwest end.

Most of the bauxite is pisolitic, but in the eastern 
part of the pit where the weathered nepheline syenite 
comes within 10 feet of the ground surface, an exposed 
face contains residual granitic-textured bauxite and 
weathered to fresh residual nepheline syenite boulders. 
Abundant small well-rounded boulders of fresh, weath 
ered, and thoroughly bauxitized nepheline syenite are 
found scattered throughout the pisolitic ore, par 
ticularly in its lowermost part.

Ordinarily, the bauxite has a pale-tan to grayish - 
taii, firm to soft matrix, and hard well-rounded pisolites. 
Local areas in the ore have a high iron content and 
the largest of these is in the north-central part of the 
pit. This ore is reddish brown, hard, dense, heavy, 
and contains small black and red pisolites. Crystalline 
siderite commonly fills pores in the matrix and inter 
stitial cavities between pisolites. This ore has been 
mined and blended with high-grade bauxite found 
elsewhere in the pit.

The overburden in the Elrod mine consists of gray 
kaolinitic clay, gray sandy clay, lignite beds and brown 
silty to sandy carbonaceous clay beds of Berger age 
overlain unconformably by sand and carbonaceous 
clay of the Saline formation. The thickness of the 
overburden ranges from about 10 feet in the eastern 
part to about 75 feet in the northwest corner.

The mine was operated by Alcoa Mining Co. through 
1945, and more recently, by the Reynolds Mining Corp.

Martin shaft mine (pL 1, no. 46). This mine, 
operated by Schafer and Haire, is about three-quarters 
of a mile east of Bryant, Ark. in the SW%NW}4 sec. 35, 
T. 1 S., R. 14 W. The operators drilled 42 test holes 
in the spring of 1943 to delimit the ore in the deposit. 
Development work on the mine began about December 
1, 1943, after preliminary exploration was completed. 
Ore was produced through December 1944.

The ore lies at an average depth of 125 feet and is 
reached through a concrete-and-steel double compart 
ment shaft with a maiiway.

The bauxite lies on a gently rolling to almost flat 
clay surface of the Wills Point formation and forms a 
large irregular blanketlike part of the Os^ge deposit, 
west of the Bryant nepheline syenite mass (pi. 2) .

The ore has an average thickness of about 9 feet and 
is divided into three parts. The upper 2% feet is soft 
and is described by the operators as being of "very 
high quality," a middle part 3 feet thick, hard, and 
of "very good quality," and a lowermost 3}£ feet of a 
"clay type" ore which is lowest in grade. The average 
grade of the ore in this body was reported to be about 
55.3 percent alumina, 7.0 percent silica, and 5.1 percent 
iron oxide. Evidently no hardcap was present any 
where in the mine.

Two specimens of pisolitic bauxite were obtained 
from a dump on the mine property. In the first, the 
matrix is light-grayish tan and is firm to brittle. The 
pisolites are well rounded, have soft to hard interiors 
and for the most part are harder than the matrix. 
They range in size from 4 to 20 millimeters across their 
greatest diameter and make up about 50 percent of 
the volume of the specimen. In the second specimen 
the matrix is tan, hard, and sideritic. The pisolites 
are well rounded and for the most part hare soft light- 
to dark-gray interiors. They range in size from 1 to 
15 millimeters in diameter and make up al out 40 per 
cent of the volume of the specimen. Chemical analyses 
of the two specimens are given below:

Analyses by field laboratory of the. U. S. Bureau of Mines,
Little Rock, Ark.

Sample, in percent
1 %

A18O8  ------------------------------------- 59.2 51.8
SiO2 __ ______________--   -_-_-----------_-   4.6 3.0
Fe as Fea O8 --     ~   --     ------   ------- 2.0 10.3
TiO2 --_- ___ ____________-____--_-_----__--_ 2.4 2.4
Ignitionloss-.----                 -   --   --   -- 31.2 32.0
Insoluble ____________-___---___----_-_--__--- .6 .5

_---   -__--   -   -   -----   --         -  -6 7.8

Neither the location nor the stratigraphic position of 
either specimen is known but the descriptions fit that 
of the middle zone of the ore as descrbed by the 
operators.

Hardy ore bodies (pis. 2 and 27}.   The bauxite de 
scribed under this title forms the east end of the Osage 
deposit. Malamphy and others (1948, v. 15, p. 29-92, 
fig. 107) described it separately. For convenience in 
discussion, it will be divided into the North Hardy and 
the South Hardy ore bodies.

The North Hardy ore body is in the S^NWK sec. 35, 
T. 1 S., R. 14 W., and projects eastward into the 

sec. 35. It underlies property owned by
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Lela Hardy and R. M. Allison. The South Hardy ore 
body is in the south-central part of sec. 35, T. 1 S., 
R. 14 W., and underlies property owned by A. Wade, 
H. L. Thomas, D. A. Bray, Clyde and Retha Harris, 
the Louisiana Chemical Co., and Mrs. R. E. Delong. 
Neither ore body has been completely delimited by 
drilling. It is probable that the two bodies might 
connect if drilling were continued in the NEKSW% sec. 
35.

Early 'exploratory drilling in the Osage area by the 
Alcoa Mining Co. and the American Cyanamid and 
Chemical Corp. indicated that further prospecting was 
warranted, and the joint Federal project drilled 189 
holes from January 18 to July 12, 1944 (Malamphy 
and others (1948, v. 15, p. 29-92, fig. 107).

The Hardy ore bodies lie on the northwest flank of a 
nepheline syenite ridge and extends blanketlike across 
the Wills Point formation. The buried contact of the 
Wills Point and the nepheline syenite on the post- 
Midway surface trends about N. 60° E. and is nearly 
parallel to the axis of the ridge. The relation of the 
deposit (type 2) to the post-Midway erosion surface is 
shown in the accompanying subsurface map (pi. 27).

The South Hardy ore body is irregular in outline, and 
is lens shaped in cross section. The thickest section of 
ore, about 30 feet (for example, USBM drill hole 
9-399), lies in a shallow depression in the surface of 
the Midway sediments elongated parallel to the Midway 
and nepheline syenite contact. A minor part of the 
ore along the southeast edge of the body overlies 
nepheline syenite and its weathered derivatives.

The North Hardy ore body, like the south one, is 
lens shaped and irregular in outline. It overlies clay 
of the Wills Point formation. Here the post-Midway 
erosion surface is flat or gently rolling and again the 
thickest ore, about 17 feet, lies in a shallow depression 
in the post-Midway surface.

The bauxite in each ore body has essentially the 
same characteristics and can be divided into two 
parts. The upper part is hard, pisolitic, and sideritic. 
The lower part is soft, crumbly, and clayey, and may 
or may not be pisolitic. The pisolites, if present, are 
usually much larger than those occurring in the upper 
part of the ore. Pebbles of granitic-textured bauxite 
and of bauxitized Paleozoic rock are scattered through 
out the lower section of the ore. The ore in both 
bodies averages about 42 percent available alumina. 
Ferrous iron, the main secondary impurity, is present 
in the south ore body in excess of 10 percent. No 
evidence of sorting or stratification of the bauxite 
was noted anywhere in the deposit.

The ore is covered by a hard gray to light-grayish-tan 
siliceous ferruginous rock from 2 to 3 feet thick, which

452763 58   16

should serve as a competent roof rock if the deposit 
were mined by underground workings.

Immediately overlying the hardcap and kaolinitic 
clay is a lignite bed which in turn is overlain by carbon 
aceous clay, sand, and lignitic clay of the Berger and 
Saline formations (fig. 61). The overburden ranges in

FIGURE 61. Section 35 mine, Saline County. Surface of pisolitic bauxite stripped 
in preparation for mining. View looking northeastward across large Reynolds 
open pit in sec. 35, T. 1 S., R. 14 "W. "Walls exposed in light-gray silty clay and 
lignite of Berger formation overlain by thin wedge of Saline formation containing 
sand and gravel at top.

thickness from 22 feet at the south end of the south 
ore body to about 160 feet at the north end of the 
north ore body.

Section 85 open-pit mine. In 1948 the shallow 
southern part of the Hardy deposit was stripped by 
the Reynolds Mining Co. (fig. 61) but no mining was 
done by the end of 1948.

BKAY THOMAS DEPOSIT

By William J. Powell 

Plate 28

The Bray bauxite deposit is in the E}2SE% sec. 35, 
T. 1 S., R. 14 W., and extends eastward into the 
W)2SWy4 sec. 36, T. 1 S., R. 14 W. The ore underlies 
property owned by H. L. Thomas, D. A. Bray, and 
Clyde and Retha Harris. The land surface overlying 
the southern part of the deposit is gently rolling and 
clear of timber whereas the northern part is hilly and 
wooded. The altitude ranges from about 380 to 420 
feet.

The discovery hole on the deposit was USBM 2-196, 
drilled May 25, 1943, in the NW#SEtfSEJ£ sec. 35, 
T. 1 S., R. 14 W., on the property of D. A. Bray. 
About 22.4 feet of bauxite was cored. The program 
to delimit the deposit began on October 15, 1943, and 
88 holes were drilled, spaced about 200 feet apart 
(Malamphy and others, 1948, v. 15, p. 1-28, fig. 106).
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The main mass of ore in the Bray deposit is a col- 
luvial (type 2) accumulation on a broad nepheline 
syenite ridge extending northward from an outcrop in 
the N}2 sec. 2, T. 2 S., R. 14 W. The greater part 
of the ore body rests on decomposed nepheline sye 
nite, but a small lobe on the north margin lies on 
the Kincaid formation. The relation to the post-Midway 
erosion surface is shown in the subsurface map and the 
cross section and columnar sections (pi. 28).

The deposit is lens shaped and irregular. It trends 
in a northeast-southwest direction and is about 1,100 
feet long by 530 feet wide. A siliceous hardcap, con 
sisting of a hard gray to gray-tan, bauxitic or kaolinitic 
clay containing poorly formed pisolites and clay balls 
is present in much of the ore.

The highest grade ore, usually found in the middle of 
bauxite section, is fairly hard and porous, and contains 
abundant pisolites. It is overlain and underlain by 
softer, crumbly bauxite with fairly soft pisolites sparsely 
scattered through it.

The bauxite in the central and eastern parts of the 
ore body contains local concentrations of secondary 
iron. This ferruginous bauxite is hard, dense, and 
dark red to reddish-brown. Pisolites are brick red to 
black and are harder than the matrix. No evidence 
of sorting or reworking of pisolites was noted. The 
thickness of the bauxite ranges from less than 1 to 
25.6 feet.

The overburden ranges from 12 to 153 feet in thick 
ness and is composed of lignite, carbonaceous silty to 
sandy clay, and sand of the Berger and Saline formations.

THOMAS-WILLIAMS. DEPOSIT

By Edwin A. Brown 

Plate 29

This deposit is located in the NE% sec. 35 and the 
W)2NW% sec. 36, T. 1 S., K. 14 W., on the properties 
of Clyde and Retha Harris, B. S. Williams, H. L. 
Thomas, R. M. Allison, Sarah B. Stover, and Addie 
B. Sillin. The land surface is gently rolling, wooded 
and cultivated over the western part, and gently to 
steeply sloping over the eastern part of the deposit. 
Surface altitude ranges from 400 to 500 feet.

Before our exploration of the general area, the Re 
public Mining and Manufacturing Co. drilled test 
holes, spaced about 600 feet, in part of the NE% sec. 
35. Bauxite was found in several of the holes but 
mineral rights were not acquired by the company. 
During early wildcat drilling in this area by the Federal 
project, bauxite was first cored on this deposit in 
USBM drill hole 2-213A, drilled June 23, 1943, in the 
SW#SE#NEtf sec. 35. Close drilling on a 200-foot 
hexagonal grid began October 19, 1943, and about 410

holes were drilled in and near the deposit (Malamphy 
and others, 1948, v. 14, p. 1-143, fig. 105).

The deposit (type 2) slopes gently to the southeast 
and forms an irregular lenticular blanket on a complex 
depression topography (p. 216) formed on the post- 
Midway land surface. The relation of the deposit to 
this surface is shown in the subsurface map and in the 
cross section and columnar sections (pi. 29). The de 
posit is about 3,800 feet long in an east-west direction, 
about 2,800 feet wide in a north-south direction. Baux 
ite of ore grade reaches a maximum thickness of 30 
feet, averaging 11 to 12 feet, within a bauxite-kaolin 
zone ranging in thickness from 20 to 87 feet. Some 
of the depressions contain thick ore, but others, even 
within the limits of the ore body, contain little ore.

The bauxite is mealy, finely fragmental, and some 
what pisolitic or oolitic. Most of the pisolites are soft 
and poorly defined; in general they are most common 
and better formed in the upper part of the ore. Like 
wise the percentage of available alumina normally is 
highest in the upper part of the ore and decreases grad 
ually downward. Within the ore body the available 
alumina ranges from 32 to 53.5 percent and averages 
about 38 percent, and the ferrous iron averages 5 to 6 
percent. Bauxite of ore grade overlies 2 to 5 feet, and 
is overlain by 2 to 3 feet of finely fragmental clayey 
submarginal bauxite. No hardcap is present. The ore 
body is covered by overburden ranging in thickness 
from 115 feet at the northwest to 280 feet at the 
southeast.

HABBIS DEPOSIT (INCLUDES SOUTH HABRIS OBE BODY)

By Richard C. Shelton 

Plate 30

This deposit extends from the NE#SW# sec. 36 
northward into the SW#SEJi sec. 25, T. 1 S., R. 14 W. 
The deposit containing the ore bodies underlies prop 
erties owned by Clyde and Retha Harris, Sarah Stover, 
J. W. Shipp, and B. A. Fletcher. The surface of the 
ground is hilly and wooded and ranges in altitude from 
450 to 550 feet.

The large Harris ore body was discovered during the 
progress of the government wildcat program exploring 
the buried northwest flank of the Bryant high. In the 
discovery hole, USBM 2-215, in the SEJiNEtfNWtf sec. 
36 drilled June 25, 1943, 23.6 feet of ore was cored. 
Subsequently, the deposit was blocked out by drilling 
306 holes spaced about 200 feet apart on a hexagonal 
grid (Malamphy and others, 1948, v. 13, p. 1-63, and 
64-99, figs. 103, 104). A small ore body, part of the 
deposit with a high iron content, lies south of the main 
body. This was described by Malamphy and others 
as the "South Harris deposit" but is here considered 
along with the rest of the deposit.
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The deposit lies on the northwest flank of the iiephe- 
line syenite ridge and extends westward clownslope to 
the edge of the Kincaid formation (pi. 30). Its north 
end overlies what is probably the north edge of the 
nepheline syenite. This is marked by a trachytic 
border rock in contact with a black shale of probable 
Paleozoic age.

The trend of the long axis of the main ore body is 
about N. 30° E., nearly parallel to the buried nephe 
line syenite ridge to the east, and to the buried edge of 
the Midway sediments to the west. Its maximum 
length is about 4,200 feet and its average width about 
900 feet,

Nearly all the bauxite is part of a colluvial accumu 
lation (type 2 deposit). A small part upslope in the 
deposit and beneath colluvial ore is residual on the 
nepheline syenite (type 1 deposit) shown in holes 
USBM 9-047, 9-062, and 12-024A in which granitic 
bauxite was cored. The ore within an 8-foot isopach 
line lies in three distinct lobes. The thickest bauxite, 
especially in the northern part of the deposit, fills small 
valleys on the west slope of the nepheline syenite ridge. 
Ore is also concentrated along the break at the base of 
the slope.

The upper part of the ore is hard, the middle part is 
firm but mealy, and the lower part is soft and clayey. 
Most of it has a pisolitic texture, the pisolites are well 
defined and more abundant in the upper and middle 
parts. The pisolites are not sorted or stratified, and the 
matrix is homogeneous and structureless. Granitic- 
textured bauxite is present in the lower bauxite interval, 
in drill cores from the upslope parts of the deposit.

Locally within the deposit, the top 6 inches to 2 feet 
of bauxite, which has a high silica content and contains 
less than 32 percent available alumina, is indurated 
and forms a hardcap. Where the hardcap is not present 
the ore is overlain by 1 to 5 feet of bauxitic or kaolinitic 
clay.

The deposit and associated bauxitic and kaolinitic 
clay are overlain by 120 to 280 feet of soft clayey lignite, 
plastic carbonaceous clay and gray clayey sand of the 
Berger formation, and dark-brown carbonaceous silty 
clay and coarse red sand of the Saline formation. The 
top of the red sand of the Saline is an indurated ferrugi 
nous sandstone layer that caps most of Alexander 
Mountain.

BROOKS AREA

The deposits described below extend from the S% 
sec, 31, T. 1 S., R. 13 W., to the NJ£ sec. 12, T. 2 S., 
R. 14 W. (fig. 60). They lie in a line nearly parallel to 
the axis of the ridge of the buried Bryant nepheline 
syenite mass along its east and southeast slope. All- 
weather gravel roads pass over each deposit.

The post-Midway erosion surface of the southeast

flank of the nepheline syenite ridge is steep, whereas 
the same surface on the overlapping sediments of the 
Midway group dips gently to the south and east. The 
buried edge of the Midway sediments nearly parallels 
the axis of the nepheline syenite mass. The buried 
contact on the east side of the ridge is about 100 feet 
lower than that on the west side.

The south end of the Bryant high was drained in 
early Eocene time by one large valley trending almost 
due southward and located in the center of sec. 2, T. 
2 S., R. 14 W. This valley emptied into a major 
southeast drainage channel.

The bauxite deposits, with one exception, are small 
and scattered. The small deposits of possible com 
mercial value overlie nepheline syenite or its weathered 
derivatives. Over Midway sediments to the east, 
bauxite has been found only in isolated drill holes. 
Bauxitic and kaolinitic clay beds typical of the bauxite- 
kaolin zone are scattered over a large area east and 
south of the Bryant high, but the thickness of this clay 
ranges from 1-2 inches to about 60 feet in valleys on 
the nepheline syenite.

The only large deposit on the southeast side of the 
Bryant high is in sees. 1 and 12, T. 2 S., R. 14 W. Most 
of the bauxite overlies a gently rolling Wills Point 
surface but the northwest end of the deposit extends 
upslope and across the buried Midway and nepheline 
syenite contact.

The barren nature of the east slopes of the Bryant 
high is probably due to extensive erosion during Berger 
time. Sediments of the Wills Point have been stripped 
out of the main post-Midway valley along the eart side 
of the nepheline syenite, exposing limestone ci the 
Kincaid formation along most of the valley bottom. 
The limestone is overlain by coarse green sand of the 
Berger formation. Farther up the valley the limestone 
is absent, and green sand of the Berger formation over 
lies Paleozoic rocks or nepheline syenite in the valley 
bottom. The slopes of nepheline syenite above the 
valley bottom were scoured by the same erosion. Many 
of the drill holes in this area recorded kaolinized or even 
fresh nepheline syenite directly overlain by sand of 
the Berger formation. In minor valleys on the elopes, 
however, bauxite and kaolinitic clay is present in 
considerable thickness. The material is generally frag- 
mental and interbedded with carbonaceous clay or thin 
lignite layers. A few small deposits of colluvial bauxite 
(type 2) are present. These generally are overlain by 
carbonaceous clay and lignite of the Berger formation 
and were apparently protected from the scour associated 
with the green sand of the Berger. The deposits 
probably are protected remnants of once extensive 
bodies of bauxite that were eroded away when the sand 
was deposited.
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South of the Bryant high, the deposits in sees. 1 and 
12, T. 2 S., R. 14 W., are covered by well-bedded 
lignite and carbonaceous clay of the Berger formation. 
The green sand is absent here, as is any evidence of 
extensive erosion after the accumulation of the bauxite.

The deposits of the Brooks area are covered by an 
overburden of carbonaceous clay, lignite, silty to sandy 
clay, and sand, all of Wilcox age. The thickness of 
this overburden reaches a maximum of 260 feet.

Exploration by the Federal drilling project in the 
Brooks area was a continuation of the exploratory 
drilling west and northwest of the Bryant high. Before 
this systematic program there had been some scattered 
company drilling in sees. 20, 29, and 31, T. 1 S., R. 13 
W., and in sec. 1, T. 2 S., R. 14 W., which indicated 
the presence of buried nepheline syenite hills surrounded 
by gently dipping clay of the Midway. Drilling by the 
Geological Survey in 1934, under the supervision of 
M. N. Bramlette, showed bauxite overlying Midway 
sediments in sec. 1, T. 2 S., R. 14 W., and in sec. 6, 
T. 2 S., R. 13 W., not far from outcropping nepheline 
syenite to the north.

LASATER-MC MURRY DEPOSIT

By Elmer P. Kneedler 

Plate 31

This deposit lies in the center of the NE% sec. 31, 
T. IS., R. 13 W. about 2J£ miles south of the town of 
Alexander, on property owned by Mildred McMurry, 
Luke Ramsey, W. Northern, and B. V. Lasater. The 
topography is rolling, and is utilized in seasonal culti 
vation. The altitude ranges from 375 to 410 feet.

The discovery hole USBM 13-013 was drilled Sep 
tember 4, 1943, on the property of Mildred McMurry, 
and 14.7 feet of bauxite was cored. The ore body was 
subsequently delimited by drilling 41 test holes, most 
of which were about 200 feet apart (Malamphy and 
others, 1948, v. 10, p. 21-32, fig. 93).

The buried nepheline syenite surface on which the 
bauxite lies is cut by several tributary valleys that 
diverge from a saddle formed by a small knoll to the 
east. The deposit is a colluvial accumulation (type 2), 
elongate in a northeasterly-southwesterly direction, that 
blankets the sides and fills the bottom of parts of the 
tributary valleys, as shown in the subsurface map and 
section (pi. 31).

Three types of bauxite are in the deposit: (1) firm 
to hard pisolitic bauxite that is tan to grayish-tan, with 
hard well-rounded pisolites that average 5 or 6 milli 
meters in diameter and make up about 35 percent of 
the rock; (2) soft pisolitic bauxite that is tan with minor 
quantities of admixed reddish-tan and grayish white 
bauxite the pisolites are hard to soft, and reach a 
diameter of 5 or 6 millimeters, and seldom make up

more than 25 percent of the bauxite; (3) soft nonpisolitic 
rock that is tan, porous, mealy, and textureless, or in 
places is highly oolitic. In some parts of the deposit 
all three types of bauxite occur together and in others 
only one of the above types is found. Where they occur 
together the hard pisolitic bauxite is always uppermost 
with the soft pisolitic and the oolitic or textureless 
bauxite below it in that order. The lower part of the 
bauxite that fills small valleys in the underlying nephe 
line syenite is fragmental.

Secondary iron, especially siderite, is common in the 
deposit but is not present in prohibitive quantity.

The bauxite in the deposit is directly overlain by 
2 to 12 feet of relatively soft kaolinitic clay. No hardcap 
is present over the ore. The overburden ranges from 
127 to 200 feet and averages about 152 feet in thickness. 
It is made up of carbonaceous clay, sandy to rilty clay, 
and sand of the Berger and Saline formations.

CHALKEY DEPOSIT

Plate 2

Several small bauxite deposits are located in the 
SWtfSEtf and the S%SW% sec. 31, T. 1. S., R. 13 W. 
One of these was discovered during the Federal explora 
tion program on the southeast side of Alexander 
Mountain. USBM drill hole 13-094, drilled in Novem 
ber 1943 and later redrilled as no. 13-106, first cored 
bauxite in this area. Shortly afterwards a private 
company drilled these properties with holes 200 to 
500 feet apart.

Little is known of the character of the or<? in these 
deposits as information from company records is 
limited. The deposits are patchy, valley-fill accumula 
tions associated with minor drainage systems on the 
surface of the nepheline syenite. Because the deposits 
are small and fill valleys, the ore is probably fragmental 
and clayey.

The bauxite is covered by kaolinitic clay, lignite, 
and gray clay of the Berger formation, and brown clay 
and sand of the Saline formation, ranging from 190 to 
220 feet in thickness.

WALDEN GROUP

By George E. Siple 

Plate 32

The Walden deposit, located about 4 miles south of 
the town of Alexander, lies in the SK sec. 1, T. 2S., 
R. 14 W. and extends southward into the N% sec. 12, 
T. 2 S., R. 14 W.

It includes several ore bodies which are here discussed 
together. These bodies have been described separately 
by Malamphy and others (1948, v. 16, p. 1-106, figs. 
108-114) under the names Fletcher deposit (no. 65), 
Mildred McMurry deposit (no. 66), Archer deposit
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(no. 67), Walden deposit (no. 68), Walden extension 
deposit (no. 69), and Kock Island deposit (no. 70). 
All except the Rock Island deposit are shown on plate 32.

The topography of the area is rolling to hilly and 
the altitude ranges from about 321 to 453 feet. Agood 
all-weather gravel road passes directly over the deposit 
containing the ore bodies, and a spur of the Rock 
Island Railroad passes within one-quarter mile of the 
main group of ore bodies. In 1948 the Reynolds Mining 
Corp. opened a vertical shaft mine, the Standard 80, 
in the largest ore body.

Exploratory drilling by mining companies and by 
the IT. S. Geological Survey, supervised by M. N. 
Bramlette, indicated the presence of ore in the area. 
In April of 1944 drilling by the Federal project was 
started on the D. F. Walden property by blocking out 
around wildcat hole USBM 10-279 on 200-foot centers.

Drilling to delimit the deposit was done April to 
July 1944 and January to April 1945. A total of 281 
holes was drilled before field operations were discon 
tinued with the result that three of the ore bodies were 
not completely delimited.

The ore bodies are both valley-fill and valley-flank 
(type 2) accumulations which lie almost entirely on the 
eroded surface of the Midway sediments. A small part 
of the ore. in the largest body extends up the slope to the 
northwest and onto the buried flank of a iiepheline 
syenite mass which crops out about 1,000 feet farther 
in the same direction. The trace of the contact of the 
Midway group and the iiepheline syenite on the post- 
Midway surface trends about N. 45° E. The relation 
of the ore bodies to one another and to the post-Midway 
erosion surface is shown in the subsurface map and 
in the accompanying cross section and columnar 
sections (pi. 32).

The ore lies in several distinct bodies. Only two of 
the ore bodies are connected by 5 feet or more of ore. 
The others are either completely isolated or are con 
nected by bauxite less than 5 feet thick. The thickness 
of ore is more than 8 feet in 5 bodies. Each ore body 
is lens shaped, elongated in a northeasterly direction, 
and irregular.

The largest of these ore bodies lies downslope from, 
and its long axis is parallel to, the buried Midway and 
iiepheline syenite contact. The rest of the ore bodies 
are south and east of it and overlie the clay surface of 
Midway age.

The bauxite in all the ore bodies has the same general 
physical character and consists of two main types: 
pisolitic and nonpisolitic. The pisolitic type pre 
dominates and overlies the nonpisolitic in vertical 
section. It is usually tan, gray or reddish brown and 
is soft throughout except in the middle third. Pisolites 
increase in abundance with depth until they make up

about 60 to 65 percent of the rock near the middle part 
of the bauxite section. The pisolites range in size from 
2 to 50 millimeters in diameter, the average is about 
8 millimeters. Most of the large ones are compound. 
In the high-grade middle part of the ore body the 
pisolites are hard, concentrically banded, and have dark 
reddish-brown vitreous-appearing interiors. Above and 
below this high-grade ore the pisolites are softer. Many 
are filled with a soft muddy liquid and a few are 1 ollow. 
Small crystals of siderite are disseminated throughout 
the matrix.

The nonpisolitic bauxite is soft, mealy to clayey, tan 
in color, semiplastic, and quite porous. Normally, it 
has a higher available alumina content than the pisolitic 
material.

Granitic-textured bauxite pebbles, well rounded to 
subrounded and light-tan to orange tan, are found 
below the nonpisolitic ore embedded in the upper part 
of the underlying bauxitic clay.

Laterally, the ore grades through low-grade bauxite 
and bauxitic clay to kaolinitic clay. No persistent 
hardcap or competent roof rock overlies the ore in any 
part of the area. However, local hard highly siliceous 
or ferruginous layers of low-grade bauxite are dis 
tributed throughout some parts of the individual ore 
bodies.

Overburden ranges in thickness from about 65 to 
265 feet throughout the area and from 113 to 229 feet 
above ore in bodies having a thickness greater than 
8 feet. In general, the overburden thickens from north 
west to southeast and is composed of a basal lignite bed 
and dark-brown carbonaceous to lignitic clay interbedded 
with gray to green silty and sandy clay of the Perger 
formation, overlain by brown silty to sandy micaceous 
carbonaceous clay, and yellow, red, and white sandy 
clay to clayey sand of the Saline formation.

Standard 80 shaft mine. This mine was opened by 
the Reynolds Mining Corp. in 1948 on the Walden ore 
body of this group of deposits.

BAUXITE OUTCROP, SOUTH SIDE OF ALEXANDER MOUNTAIN

A large outcrop of pisolitic bauxite is in the W^NWX 
sec. 1, and extends into the E^NEK sec. 2, T. 2 S. } 
R. 14 W. Mineral rights on the property containing 
the outcrop are owned by the Alcoa Mining Co. which 
has prospected the area by trenching and drilling. The 
outcrop is elongate in a northerly direction, rlmost 
elliptical, and is about 1,500 feet long and 800 feet 
across at its widest point. The bulk of the bauxite 
deposit lies within the outcrop area on the south flank 
of the Bryant high, which crops out 100 feet north and 
east of the bauxite.

A large part of the bauxite in the outcrop has a hard, 
brittle pale-tan matrix with no apparent texture. The
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pisolites are well rounded, concentrically color banded, 
and have dark reddish-brown vitreous interiors. They 
are closely packed and make up about 60 percent of the 
bauxite. They range from 2 to 6 millimeters in 
diameter.

A chemical analysis of a high-grade specimen ob 
tained from a point near the center of the outcrop is 
given in the table below (sample 1).

Along the east margin of the outcrop, some of the 
bauxite has an extremely high ferric iron content. One 
specimen has a deep brownish-red, hard, brittle, 
slightly porous matrix with hard well-rounded pisolites 
ranging from 2 to 10 millimeters in diameter and making 
up about 65 percent of the bauxite. The pisolites are 
much harder than the matrix and those exposed on 
weathered surfaces have dark-gray metallic-appearing 
exteriors. The specimen was magnetic, and the piso 
lites seem to contain all or at least a major part of the 
magnetic constituents of the bauxite because individual 
pisolites are strongly magnetic. A chemical analysis of 
the specimen showed more than 50 percent total iron 
as Fe2O3 (sample 2).

The highly aluminous bauxite in the outcrop weathers 
to a grayish-tan, fairly porous rock. Its texture where 
pisolites have weathered out of the matrix resembles 
that of a vesicular extrusive igneous rock. An analysis 
of a weathered specimen of the high-alumina bauxite 
is given below (sample 3).

Analyses of bauxite samples from outcrop, south side of Alexander 
Mountain

[Analyses by field laboratory of U. S. Bureau of Mines, Little Eoek, Ark.]

Al 2 0s_ _________________________
Si02 __--   ----   _----  
Fe as Fe2 O3 - ______________ _ ___
TiO2 .____-____ _________________
Ignition loss __

FeO_ __________________________

Samples, in percent

1

60. 6 
4.3 
2.9
1. 8 

28.4 
2.0 

2

2

27. 2 
5.9 

50. 3 
3.0 

13. 2 
. 4 
. 2

3

55 2 
8 6 
3 2 
2 3 

2 
3 
4

1. Sample from center of outcrop.
2. Sample from east margin of outcrop.
3. Weathered " vesicular" bauxite.

The highly weathered product of the bauxite at the 
surface of the ground is a red sticky to gummy clay or 
"soil." The deposit has not been mined.

DAVIS AREA

Large deposits lie south and slightly east of the town 
of Bauxite and extend from the SK sec. 22, T. 2 S., R. 
14 W., northward into the S% sec. 10 (fig. 60). This is 
called the Davis area, after the large Davis underground 
mining area in sec. 22, the largest mine system in the 
region. Good all-weather gravel roads, both county and

private (company) roads, cross within a few hundred 
feet of every deposit. The Davis area is one of the 
subdivisions of the Saline nepheline syenite dome- 
shaped mass.

The post-Midway drainage consists of a long rela 
tively steep sided major valley of gentle gradient that 
heads close to the top of nepheline syenite outcropping 
in the SK sec. 22. The axis of the valley bottom be 
gins in the NWtfNWtfSE# sec. 22 and trends about N. 
40° W. to a point near the section line between sees. 
22 and 15; from there it trends about N. 20° E. across 
sec. 15 and into sec. 10. In the northeasten part of 
sec. 10 this valley empties into a larger drainage system 
which trends eastward and slightly southward between 
the Saline dome and the Bryant hill. In general the 
west wall of the valley is more steep than the east. 
Many smaller tributary valleys enter in a direction 
about normal to its axis. These generally have a 
relatively high gradient.

The buried contact of the Midway sediments and 
the nepheline syenite is very close to the mouth of the 
drainage channel. The edge of the Wills Point forma 
tion trends westward across the S}_SE% sec. 10, then 
due north along a line between the east p,nd west 
halves of the same section.

The deposits in the Davis subsurface valley crop out 
spottily along the entire length of the contact between 
the nepheline syenite and Wilcox sediments, and all 
the ore bodies are underlain by nepheline syerite or its 
residual weathering products except for the ore of the 
Canal No. 1 mine in the SWj4SE}£ sec. 10, which over 
lies the buried Midway and nepheline syenite contact. 
The thickest bauxite and highest grade ore in this area 
is normally found on the flanks of small ridges, between 
adjacent valleys tributary to the main valley or its 
larger reentrants. This high-grade material thins out 
or is absent over the ridge tops. Bauxite on the floors 
of the main valley and large tributary valleys is nor 
mally poor grade. The total thickness of the bauxite 
and associated kaolinitic clay is not known, but exceeds 
50 feet across most of the floor of the Davis valley.

Residual bauxite on the nepheline syenite slopes is 
granitic in texture, and grades upward into a rubbly or 
cobbly mass of granitic bauxite formed by breaking 
down of the residual material. Gradationally above it 
is pisolitic bauxite containing large, soft to hard, 
concentrically banded rude pisolites with admixed 
rounded blocks of birdseye ore and granitic bauxite. 
Overlying the pisolitic bauxite is a bed of varying 
thickness composed of pisolitic and granitic bauxite 
pebbles and cobbles, in a clayey matrix that is generally 
bauxitic but commonly is kaolinitic, and locally is 
composed of brown carbonaceous silt or sand. This 
bauxite is a basal conglomerate of the Saline formation.
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Much of this material is high enough in grade to mine. 
Small well-rounded pebbles of what appear to be 
bauxitized Paleozoic shale were found in the upper part 
of a bed of low-grade rubbly bauxite in the extreme 
west end of the Section 15 mine. A chemical analysis 
of one of these pebbles indicated an available alumina 
content of about 61 percent. A small outcrop of rock 
of Paleozoic age, probably a roof pendant in the syenite, 
is about 600 feet southwest of this locality.

The deposits are extensive and continuous in this 
area. The overburden is relatively thin. The large 
amount, of stripping and mining that took place from 
1940 through 1943 caused most of the separate pits 
to coalesce into large mining areas. Fifteen of the 37 
mines can be identified on plate 1 as follows:

Lantz (no. 55) NW^NW1̂  sec. 15 
Section 10 (no. 54) SW^SW^ sec. 10 
Canal No. 1 (no. 69) SW#SE# sec. 10 
African Camp (no. 67) SW^NE^ sec. 15 
Norton (no. 68) SW#NE# sec, 15 
Alexander Hill (no. 64) SE#SW# sec. 15 
Section 15 (no. 65) S^SW^ sec. 15 
Maggie (no. 56) NE#NE# sec. 21 
Julia (no. 57) SW#NW& NE#SW& and

Davis (nos. 63, 63a) NW#NW>£ sec. 22 
Mary (no. 62) NE}£NW>£ sec. 22 
Granite Branch (no. 61) SE^NW^ sec. 22 
Johnson (nos. 58, 59) SW}£NE}£ sec. 22 
Ella (no. 60) SE^NE^ sec. 22 
Stringtown (no. 66) SW}£SE}£ sec. 15

These mines are all owned by the Alcoa Mining Co. 
except the Norton mine, property of the Norton Co., 
and all were begun as strip-pit mines except the Davis. 
The Maggie, Julia, Johnson, Mary, and Granite 
Branch are combination strip-pit and underground 
mines, the subsurface workings of which are part of a 
large system which merged with the Davis mine and 
was designated the Davis underground mine area by 
the Alcoa Mining Co. North of the underground area, 
pits in the southern part of sec. 15 and of the north- 
central part of sec. 22 have merged into one large 
stripped area. These are the Section 15, Alexander 
Hill, and Stringtown mines. They join the Maggie 
and Mary strip mines now covered by mine dumps. 
Most of the mines are drained through a canal 10 to 30 
feet deep and 3 miles long.

The history of individual mines in this area is difficult 
to reconstruct satisfactorily. Reports before 1936 in 
the U. S. Bureau of Mines "Minerals Yearbook" and the 
U. S. Geological Survey "Mineral Resources of the 
United States," group all the Republic Mining and 
Manufacturing Co. (American) mines under the name 
"mines at Bauxite;" only rarely are individual mines 
named. Some of the earliest mines in the Saline 
district were located in the Davis area. Hayes (1901,

pi. 61) showed the location of 6 pits in sees. 15 anrl 22 
that were opened in 1900. They were on the outcrop 
edge of present large mining areas. The Maggie mine 
was listed as a producer in 1911, and the Lantz mine 
was stripped that same year according to the U. S. 
Geological Survey "Mineral Resources of the Urited 
States" (1912, p. 926). By 1923 the Maggie, Julia, 
Johnson, Ella, Granite Branch, and Mary had been op 
erated, and that year the Davis tunnel, 4,000 feet long, 
was driven in sec. 22 to mine bauxite covered by 100 feet 
or more of overburden. From 1924 until about 1940 
most of the ore from the Davis area was mined by under 
ground methods. In 1936 production was reported 
from the Lantz mine, from the Davis mine called "area 
A," and from "area 5" that included pits in sees. 14 and 
15. Aerial photographs taken in July 1938 show that 
the Section 10 mine, a part of the Section 15 mine, and 
the Lantz mine were being worked, although most 
others appeared abandoned or unused. Large-scale 
stripping of the Section 10, Section 15, Alexander Hill, 
Stringtown, African Camp, Lantz, and Canal No. 1 
mines was done in 1941 and 1942, and production from 
the area reached a peak in 1943. Since World War II 
only the Section 15, African Camp, and to a lesser 
extent the Section 10 mines have been active. The mine 
operators are reluctant to make a statement that a 
mine is abandoned, due to the fact that they have re 
opened supposedly abandoned pits when economic 
conditions permitted.

The area has been prospected entirely by company 
drilling. Most of it was first drilled on 220-foot cer ters 
on a rectangular pattern. More closely spaced drilling 
was undertaken before stripping and mining.

Overburden in the area consists of gray carbonaceous 
kaolinitic or silty clay of Saline, or possibly Berger age, 
found only over the deepest part of the major vr.lley 
floor. Directly above is the brown silty to sandy car 
bonaceous clay and yellow to orange clayey sand of the 
Saline formation, overlain in turn by sandy clay of the 
Detonti formation which caps only the high hills in the 
southern part of the locality in the Davis underground 
mining area.

No production figures on ore mined in this area are 
available but it has probably produced a greater aggre 
gate tonnage than any other throughout the bauxite 
district.

African Camp open-pit mine (pi. 1, no. 67}. The 
stripped surface of the bauxite of this mine in the 
SE^NEK sec. 15, T. 2 S., R. 14 W., is one of the best 
examples in the region of a weathered post-Midway 
erosion surface in the nepheline syenite. The topog 
raphy is shown in figure 35^1; the character of the 
bauxite surface when stripped and its similarity to a 
broadly rounded syenite outcrop cleared of debris are
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shown in figure 35B. Bauxite exposed on the surface 
is rubbly. In upslope parts of the pit angular to 
rounded blocks as much as several feet in diameter, 
of granitic-textured, birdseye, and vermicular ore are 
included in a concretionary pisolitic matrix. Mined 
faces show extensive exposures of granitic-textured 
bauxite, overlain by pisolitic ore containing rounded 
blocks. Near the center of the small valley shown in 
the photograph (fig. 35^1), however, well-rounded 
cobbles of bauxite are in a matrix of gray kaolinitic to 
bauxitic clay. The African Camp mine is a residual 
(type 1) deposit.

Just north of the mine in a railroad cut is an exposure 
of massive granitic-textured bauxite cut into large 
angular blocks by horizontal and subvertical veins of 
ferruginous clay (fig. 42A-O) that bear a striking 
resemblance to joint systems in nepheline syenite. 
The veins are 3 inches to nearly 1 foot wide, are zoned 
parallel to the sides, and are evidently later than the 
bauxite although they apparently formed in preexist 
ing joints formed in the original igneous rock.

West of the African Camp mine, on the south face of 
the adjoining Norton pit, white braiding kaolinite veins 
cut granitic-textured bauxite (fig. 406y). These are an 
inch or more thick, are well formed at the base of the 
bauxite face and die out near the top. They are con 
sidered evidence of subsequent kaolinization of the 
bauxite by silica or clay from below.

Bauxite in the African Camp mine ranges in thickness 
from 10 to 38 feet, and before stripping was covered by 
11 to 53 feet of dark-brown laminated silty clay and 
loose tan sand, all of the Saline formation.

Section 15 open-pit mine (pL 1, no. 65}. The exten 
sive stripped area in the SKSWK sec. 15 and east part of 
the SE^SEM sec. 16, T. 2 S., R. 14 W., covers the long- 
east slope of a nepheline syenite hill, and much of the 
buried Davis valley at its foot. The north wall of the 
Section 15 mine is a continuous mined face more than 
2,000 feet from the crest of the hill on the west, to the 
drainage canal near the center of the Davis buried val 
ley. The bauxite face is 5 to 18 feet high and is overlain 
by a few feet to more than 50 feet of dark-brown car 
bonaceous laminated silty clay, and loose red sand of the 
Saline formation. Bauxite at the extreme west end of 
the face, in the SE^SE% sec. 16 near the top of the hill, 
consists of well rounded pebbles of bauxite in a silty 
kaolmitic to bauxitic clay. Some of the pebbles have a 
shaly parting and closely resemble fissile shale of 
Paleozoic age. One well-rounded flat pebble, about 2% 
by 1 by % inches, with pink and gray laminae or band 
ing, consists of nearly pure gibbsite. An analysis is 
given on page 100. The pebbles occur about 600 feet 
northeast of a small inlier of Paleozoic age in nepheline 
syenite. Granitic-textured bauxite is exposed along the

north wall. It is massive in a few places, but in most 
places is broken by veining and concretionary action 
into blocks and fragments. The granitic-textured 
bauxite is overlain by concretionary bauxite consisting 
of rounded blocks and fragments in a pisolitic matrix. 
Near the foot of the hill, this rock grades to rubbly 
bauxite in a clayey matrix that contains much silt and 
sand. This is a basal conglomerate of the Saline for 
mation. At one locality in the mine, 500 feet northwest 
of the southeast corner of sec. 16, a channel filled with 
bauxite boulders in a carbonaceous silty clay matrix of 
Saline age, overlies bauxitic and kaolinitic underclay; 
granitic textured and pisolitic bauxite were cut out by 
the erosion of the channel (fig. 54).

Relation of the granitic-textured zone to the overlying 
concretionary zone is shown in the central part of the 
mine, in a drainage ditch 200 feet northeast of the Davis 
portal. Apophyses and masses of pisolitic I <vuxite cut 
and in part underlie large masses of granitic-textured 
bauxite in place.

When the pit was examined early in 1945 a surface 
on the bauxite extended northeast of the Drvis portal. 
It was lobate, broadly rounded arid gently sloping. 
Downhill from the granitic-textured and concretionary 
bauxite just described, the ore thickened to more than 
40 feet. A mine face 20 feet high, 500 feet northeast of 
the Davis portal, showed only pisolitic br.uxite con 
taining rounded granitic-textured blocks and fragments. 
At the west end of the face an exposure of bauxite 
resembled unconsolidated gravel. It consisted of 
"pebbles" 3 millimeters to 10 centimeters in diameter 
in a matrix of "sand" grains about 1 millimeter across. 
Pebbels were subrounded to well rounded, with polished 
but lumpy surfaces. Sand grains were well rounded, 
spheroidal, and were polished oolites rather than clastic 
grains. A crude sorting but no stratification was 
apparent in patches of finer or coarser consitutuents. 
The material was formed by concretionary processes, 
in the upper part of the thick bauxite. Such a forma 
tion is not uncommon, but occurrence of an uncemented 
matrix of loose oolites is unusual.

The deposit is largely residual (type 1), although much 
of the ore, particularly near the valley bottom, is an 
alluvial (type 4) accumulation at the base of the Saline 
formation.

Alexander Hill open-pit mine (pi. 1, no. 64)- This 
mine, in the SW#SE# sec. 15, T. 2 S., R. 14 W., and 
the Section 15 mine are a part of the same mining area; 
they lie on long slopes of nepheline syenite en opposite 
sides of the early Eocene valley, here called the Davis 
valley. The floor of the mine is almost completely 
stripped of bauxite, and only "roots" or masses of 
granitic-textured bauxite are left in a gray to white 
kaolinitic clay that is massive in some places and
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appears fragmental in others. The relations are best 
shown in a large clay pit in the mine, where kaolinitic 
clay was mined for experimental purposes after the 
overlying bauxite had been removed. The south face 
of the clay pit is 10 or 12 feet high, and many large 
"roots" of granitic-textured bauxite are cut by veins of 
the surrounding kaolinitic clay (fig. 40^4). The clay 
veins range in thickness from less than 1 to more than 
6 inches, and their structure and texture, massive or 
fragmental, pass with no change into the surrounding 
clay. The fragmental appearance of the clay is the 
result of chemical or mineralogic alterations that 
formed within it a mosaic of "fragments," although 
these in places are so rounded and scattered by the 
alteration that they appear to have a clastic origin. 
The identity of the material in the veins and in the 
surrounding kaolinitic clay is evidence for the resilici- 
fication or rekaolinization of the bauxite. Kaolinitic 
clay that preserves the texture of the underlying 
nepheline syenite is present in places along the wall, 
but always removed from bauxite by at least several 
feet of massive or fragmental clay, commonly by 10 
feet or more.

Julia open-pit mine (pi. 1, no. 57}. This old mine 
extends for nearly a mile along the southwest edge of 
the Davis area and includes five spurs of nepheline 
syenite and interspersed tributary valleys, as shown on 
the subsurface map (pi. 2).

The bauxite surface before mining dipped steeply in a 
northeasterly direction. Most of the bauxite now 
showing in the mine is granitic in texture and residual 
boulders of nepheline syenite are abundant; some con 
cretionary rock appears in the northeast wall of the pit, 
overlain by some dark-brown or variegated clay and 
sand of the Saline formation and about 50 feet of thin- 
bedded clay and sand of the Detonti formation. The 
indurated quartz sand at the top of the Saline is well 
exposed at the northwest end of the pit (fig. 11).

HURRICANE CHEEK AREA

The bauxite deposits in this area extend from the 
SEKSEK sec. 10, through sees. 12, 13, and 14, T. 2 S., 
R. 14 W., to the SWK sec. 7 and the NWtf sec. 18, 
T. 2 S., R. 13 W. (fig. 60). The easternmost deposit is 
about 3% miles east of the town of Bauxite. All can be 
reached by good all-weather roads. The land surface 
in this area is one of gentle relief and most of it is 
either under seasonal cultivation or has been stripped 
for mining purposes.

The post-Midway erosion surface, upon which the 
deposits lie, dips to the north and is somewhat steeper 
on nepheline syenite rocks than it is on sediments GJ 
Midway age (pi. 2). The break in slope at the buried 
edge of the Wills Point formation is much less pro

nounced in this area than in others nearby. The trace 
of the Midway and nepheline syenite contact trends in 
an east-west direction across the southern quarter of 
sees. 10, 11, and part of sec. 12, T. 2 S., R. 14 W., then 
turns southeastward across the northeast corner of 
sec. 13 and into sec. 18, T. 2 S., R. 13 W.

Many buried drainage channels, large and small, 
head in the nepheline syenite and trend generally 
northward at nearly right angles to the trace of the 
Midway and nepheline syenite contact. Thev con 
nect with a major buried drainage system which heads 
in the SEtfNEtf sec. 9, and the SE}£ sec. 3, T. 2 S., R. 
14 W., and trends eastward in a direction nearly parallel 
to the contact.

The largest deposit in the area covers the nepheline 
syenite hills and fills the valleys of the NJ£ sec. 14, 
and extends onto the surface of the Wills Point forma 
tion in the southern part of sec. 11. This deposit 
contains the Section 14, Canal No. 2, Fletcher, Town- 
send, and Bizzell mines (pi. 1, nos. 71, 72, 70, 74, 75, 
and 76). Two other large deposits, the Hurricane- 
Covington and the Whitley, worked by the Reynolds 
Mining Corp. underground mines (pi. 1, nos. 78, 79, 
80), lie to the east on the Midway sediments that 
flank the northeast side of the Saline dome.

In sec. 14 bauxite and associated kaolinitic clay are 
thick in the large valleys and thin over major ridge 
tops. In the Section 14 mine the deposit reaches 
a maximum of 64 feet in thickness but most of the 
material in the thickest sections is low grade. As a 
general rule high-grade ore is found on the flanks of 
small ridges or ridge spurs, whereas bauxite in all the 
large valleys and their reentrant tributaries, particu 
larly near the floors, is low grade.

Much of the bauxite overlying nepheline syenite is 
residual and is lithologically similar to that found else 
where on the higher slopes of the Saline County igneous 
rocks. A large part of the extensive blanket of bauxite 
in sec. 14 should be classed as a type 1 deposit. The 
lowermost part of the ore normally has marked granitic 
texture and it grades upward into a rubbly mass of 
granitic-textured bauxite blocks, overlain in turn by 
pisolitic bauxite containing smaller rounded "grr.nitic" 
bauxite boulders. The pisolites are large and show 
rude concentric banding.

Pisolitic bauxite predominates in the deports of 
colluvial and alluvial origin, found near and beyond 
the edge of the Midway sediments. Two distinct beds 
of pisolitic bauxite are worked in the Townsend and 
the Fletcher mines, in the SW%SE% and SE^SWK 
sec. 11. The beds, which are on the buried surface of 
the Wills Point formation, are locally separated from 
each other by carbonaceous kaolinitic clay and lignite, 
probably of Berger age. The upper bed is overlain
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by chocolate-brown carbonaceous silty clay and is 
probably of early Saline age.

The Hurricane-Covington and Whitley deposits 
to the east lie on a Midway surface that slopes in 
places as much as 100 feet in a thousand. They are 
typical colluvial accumulations (type 2 deposits) of 
pisolitic bauxite overlain by kaolinitic clay and lignite 
of Berger age.

The deposits are covered by overburden that increases 
in thickness eastward, from a thin edge to a maximum 
of 280 feet. The eastern deposits are covered by lig 
nite, lignitic clay, and gray silty to sandy clay of the 
Berger formation, overlain by brown carbonaceous 
silty clay and sand of the Saline formation. West 
ward the Berger formation thins and is overlapped 
by the Saline formation; and in sec. 14 the bauxite is 
directly overlain by sand and clay of the Saline for 
mation.

The Hurricane Creek area has been prospected 
throughout by company drilling mostly during 1940-42. 
Many of the holes were drilled about 200 feet apart. 
Additional holes 100 or even 50 feet apart were drilled 
where more detailed information was needed. Every 
major bauxite deposit has been exploited either wholly 
or in part.

Section 14 open-pit mine (pi. 1, nos. 71 and 72}.  
This mine, owned and operated by the Alcoa Mining 
Co., is about 2 miles east of the town of Bauxite and 
occupies a large part of the NK sec. 14, T. 2 S., R. 14 W. 
Mining began on an outcrop of bauxite at the south 
east end of the present pit. By 1936 the mine had 
become a major producer. Large-scale strip mining 
was done in 1941.

The bauxite is restricted to that part of the post- 
Midway erosion surface on nepheline syenite. Ore is 
thickest on the flanks of drainage channels, which 
trend northward. The buried edge of the Midway 
sediments where they thin out against the nepheline 
syenite has a general east-west trend and closely 
parallels the line between sees. 11 and 14, which forms 
the north boundary of the mine.

The deposit possesses the physical characteristics 
of a residual weathered mantle, namely, granitic- 
textured bauxite in the lowermost part of the ore 
section grading upward to blocks of "granitic" bauxite 
in a pisolitic matrix (type 1 deposit). Ore at the 
surface and near the northern limits of the mine is 
generally rubbly in appearance and contains well- 
rounded pebbles and cobbles of "granitic" and pisolitic 
bauxite. This material is also found in the upper 
bauxite bed in the Townsend and Fletcher mines to 
the north, and is probably of Saline age (type 4 deposit).

High-grade bauxite, in places more than 20 feet 
thick, flanks the minor knolls and spurs. The valley

bottoms, on the other hand, in the north-central part 
of the mine, are filled with a thick accumulation of 
low-grade bauxite. One company drill hole cored 64 
feet of this material.

Overburden, as much as 88 feet in thickness and 
composed of black to dark brown lignitic and carbo 
naceous silty to sandy clay and white or tan sand of 
the Saline formation, covered the ore before stripping.

This mine has been and continues to be one of the 
largest producers of aluminum ore in the Saline district.

Mine 14 (pi. 1, no. 73). Another open-pit mine, 
owned and operated by the Alcoa Mining Co., lies in 
the SEtfNEtf sec, 14, f. 2 S., R. 14 W. It is less than 
400 feet southeast of the Section 14 mine, and is 
separated from it only by a narrow saddle in the north 
eastward-trending nepheline syenite ridge. It was 
mined in conjunction with the Section 14 mine and is 
discussed as one of the mines of the Hurricane Creek 
area, although, as can be seen from the subsurface 
map (pi. 2), it lies on nepheline syenite at the head of a 
post-Midway valley that flows south and east into the 
basin occupied by the deposits of the Mount Olive 
area.

The deposit fills a saddle between nepheline syenite 
hills in the NW}'4 sec. 13 and the center of sec. 14. 
Bauxite on the southwestern and northeastern parts of 
the ore body, lying on the flanks of these hills, is high 
grade and was reported to be 36 feet thick in one drill 
hole. Some of the ore in the southern part of the 
deposit, filling the southeastern tributary valley, is 
low grade.

The ore is largely residual on the flanks of the 
weathered nepheline syenite hills; the deposit is type 1. 
Granitic-textured bauxite is dominant throughout most 
of the mine area, overlain by pisolitic "birdseye" ore. 
Before the strip-mining was done the ore body was 
covered by 2 to 37 feet of sand and clay of the Saline 
formation.

Canal No. 2 open-pit mine (pi. 1, no. 70). This 
strip-pit is about 1^ miles east of the town of Bauxite, 
in the SEtfSEtf sec. 10, T. 2 S., R. 14 W. The mine is 
owned by the Alcoa Mining Co., and the property was 
explored by that company. Available records show 
that the ore was first drilled on a rectangular grid with 
holes spaced about 220 feet apart. The mine was in 
operation during 1943 and the first half of 1944.

The bauxite in this mine lies across the burscl trace 
of the Midway and nepheline syenite contact which 
trends in an east-west direction through the S% sec. 
10. The bauxite is part of a much larger deposit which 
also is worked in the nearby Fletcher, Townsend, 
Bizzell, and Section 14 mines. The thickest and the 
highest grade ore lies on the flanks of a small buried 
ridge on the surface of the Wills Point formation. The
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ridge extends northeastward from the main nepheline 
syenite mass, which crops out about 3,000 feet south of 
the mine.

The ore reaches a maximum of 26 feet in thickness 
and apparently is low grade. In June 1945, the pit 
was flooded and all working faces in the mine were 
covered with water. The pit is irregular in outline, 
elongate in a north-south direction, and is about 600 
feet long and 300 feet across at its widest point.

Overburden ranging from 20 to 50 feet in thickness 
covered the ore. According to data available from 
company logs it was composed of "sand and clay," 
probably all of Saline age.

Fletcher open-pit mine (pi. 1, no. 74)- This mine, 
located in the SEtfSWtf sec. 11, T. 2 S., R. 14 W., was 
prospected by the Arkansas Bauxite Corp. before it 
was acquired in 1941 by the American Cyanamid and 
Chemical Corp. From 1942 to 1944 it was mined by 
the latter company. In 1947 the property was reopened 
by the Reynolds Mining Corp. All exploration on the 
40-acre tract was done by private companies.

As in the adjacent Townsend mine (pi. 1, no. 75), the 
bauxite is in two beds separated by a layer of bauxitic 
clay. The bauxite overlies the Wills Point formation, 
the surface of which dips gently northward. In the 
earlier pit working of American Cyanamid and Chemical 
Corp., only the upper bed was mined; later both beds 
and the bauxitic clay layer between them were worked 
by the Reynolds Mining Corp. A section of bauxite 
and bauxitic clay more than 50 feet thick was exposed 
in the pit face in October 1948.

The lower bauxite bed lies immediately on top of 
mottled red, gray, and khaki-colored weathered clay of 
the Wills Point formation. The bauxite is light gray, 
pisolitic, massive, and clayey. It contains, in the 
central and lower parts, lenses and channels from 6 
inches to 2 feet deep and 5 to 10 feet wide, filled with 
stratified and crossbedded coarse sand and gravel, 
composed largely of tan bauxite grains and granules, 
and dark-brown to black hard, dense bauxite pebbles 
(fig. 52). Accumulations of dark mineral grains are 
found along the bottom of these channels. Carbon 
aceous clay balls and lignite fragments occur in the 
channels, and locally a thin bed of lignite covers the 
bottom.

The upper bauxite bed is a rubble of pebbles to large 
boulders of dark-reddish-brown pisolitic bauxite in a 
gray matrix of firm to clayey, cherty-looking pisolitic 
bauxite. The small blocks, particularly the pebbles, 
are composed of tan granitic-textured bauxite. The 
rubbly character of the bed is not conspicuous at a 
distance but is apparent on close examination.

The two bauxite beds are separated at the south end 
of the pit by several feet of gray kaolinitic to bauxitic

clay that contains a brown carbonaceous cla}7 layer 
nearly 2 feet thick. In places the carbonaceous layer 
is a dense, very clayey lignite. The carbonaceous clay 
thins and wedges out northward along the pit face, but 
the containing bauxitic-clay layer thickens and becomes 
more kaolinitic to the north. As interpreted from 
company drilling records this layer passes laterally into 
silty and sandy clay presumably of Berger age, rorth 
of the pit, in the area overlying the center of the large 
post-Midway valley between the Saline dome and the 
Bryant high.

The lower bauxite, believed to be of Berger age, 
represents an accumulation largely of colluvial material 
(type 2 deposit), but also contains small channels 
filled with bauxitic alluvium, deposited under condi 
tions similar to those that resulted in the formation of 
type 3 deposits. The upper bed is a basal conglomerate 
of the Saline formation (type 4 deposit). Moreover 
the upper bed is directly overlain by brown carbon 
aceous clay and sand of the Saline formation 40 to 75 
feet thick.

Townsend open-pit mine (pi. 1, no. 75). This mine 
is located 2 miles east of the town of Bauxite, ir the 
SWtfSEK sec, 11, T. 2 S., R. 14 W. It was opened and 
developed by the Arkansas Bauxite Corp. in 1939 and 
acquired by the American Cyanamid and Chemical 
Corp. on August 1, 1940. The mine operated from 
1940 through 1944, became inactive in 1948 and the pit 
was flooded.

The bauxite lies on the post-Midway erosion surface 
that dips gently to the north. It overlies the Wills 
Point formation which thins on the nepheline syenite 
several hundred feet south of the mine.

The ore occurs in two layers separated by a wedge of 
bauxitic and kaolinitic clay that thickens to the north. 
According to drilling records, only the upper laye1", as 
much as 14 feet in thickness, was mined. This is a 
rubble consisting of boulders of hard pisolitic bauxite 
in a soft, clayey and pisolitic matrix. The lower layer 
ranges from 2 to 20 feet in thickness.

Records of company drill holes north of the mine 
indicate that the bauxitic and kaolinitic clay separating 
the two bauxite layers pass laterally into gray carbon 
aceous clay, sandy clay, and sand, probably of the 
Berger formation. The upper bauxite layer is covered 
by carbonaceous clay and sand of the Saline formation 
ranging from 12 to 40 feet in thickness.

Bizzell open-pit mine (pi. 1, no. 76). This pit, located 
in the SE#SE# sec, 11, T. 2 S., R. 14 W., is shown on 
the map of Stearns (1930, pi. 1) as a mine of the Arkola 
Bauxite Co. No production is reported in U. S. 
Geological Survey "Mineral Resources" or U. S. 
Bureau of Mines "Minerals Yearbook" until 1937 
when it was operated by the Arkansas Bauxite Corp.
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It was abandoned early in 1938 and reopened from May 
to September of 1943 by the S. E. Evans Construction 
Co.

The ore in the deposit lies on the eroded and now 
buried surface of the Midway sediments and extends 
upslope southeastward onto the flank of the nepheline 
syenite. The edge of the Wills Point formation where 
it thins out against the nepheline syenite trends 
northeastward.

In June 1945 the mine was filled with water and all 
contacts between overburden and rocks of the bauxite- 
kaolin zone were obscured. No figures on the lateral 
extent or the thickness of the ore could be obtained. 
The pit was rectangular in shape, elongated in a north- 
south direction, and measured about 375 by 500 feet.

No information was obtainable on the character 
of the ore, but it probably is similar to that in the 
nearby Townsend mine on the same deposit.

The overburden is composed of silty to sandy car 
bonaceous clay and sandy clay of the Saline formation. 
It is estimated that the thickness ranges from 20 to 
30 feet.

Ulmer open-pit mine (pi. 1, no. 77). The Reynolds 
Mining Corp. opened and mined out this shallow pit 
in 1943. It lies in the SWtfSW# sec. 12, T. 2 S., R., 
14 W., about 1,000 feet southwest of the Hurricane 
Creek mine. The pit is about 300 feet long and 150 
feet wide. The pisolitic bauxite ranged from 6 to 10 
feet in thickness, and was high both in silica and iron 
content. The ore body is a small patch of colluvial 
material (type 2 deposit) filling the head of a minor 
valley in the nepheline syenite, and before mining was 
overlain by about 17 feet of sand and clay of the 
Saline formation.

Hurricane Creek shaft mine (pi. 1, no. 78}. The 
Reynolds Mining Corp. has explored and mined the 
extensive Hurricane-Covington deposit that lies in 
the S% sec. 12, T. 2 S., R. 14 W., and the Wbitley 
deposit to the southeast, in the S% sec. 7 and the Nj£ 
sec. 18, T. 2S.,R. 13 W.

The deposits are elongate in an east-west direction. 
They lie almost entirely on the eroded surface of the 
Wills Point clay, but the west upslope edge of the 
Hurricane-Covington deposit lies on nepheline syenite, 
which crops out about 1,000 feet farther south. Midway 
sediments cover the broadly rounded northeast flank 
of the Saline nepheline syenite mass and the post- 
Midway surface slopes as much as 100 feet in 1,000 
under parts of the deposits. The floor of the buried 
valley between the Bryant high and the Saline dome 
forms a natural northern boundary to the deposits.

The two large ore bodies are separated by about 200 
feet of low-grade material. The bauxite in each ore 
body reaches a maximum of 40 feet in thickness, is

tan to grayish-tan, soft t'o firm, and abundantly 
pisolitic.

Both ore bodies, as determined from drilling records, 
are colluvial (type 2) in nature.

Mining has been done entirely by underground 
methods. The Hurricane-Covington deposit on the 
west has been mined by six shafts, the furt of which 
was sunk in the fall of 1942. These are the Hurricane 
Nos. 1 and 3 and the Covington Nos. 4, 5, 6, and 7. 
Two shafts, the Whitley Nos. 8 and 9, were used to 
mine the Whitley deposit.

The overburden ranges iu thickness from 80 to 
230 feet above the Hurricane-Covington ore body and 
from 160 to 280 feet above the Whitley ore body. It 
consists of lignite and lignitic clay and gray silty to 
sandy clay of the Berger formation overlair by brown 
carbonaceous silty to sandy clay of the Saline formation.

MOUNT OLIVE AREA

Most of the deposits of this area (fig. 60) are associ 
ated with one large buried valley here called the "Mount 
Olive valley," which heads near Mount Olive in the 
NE^NEK sec. 26, T. 2 S., R. 14 W.; it trends northeast 
ward through sec. 24 into the SE}4 sec. 13, thence east 
ward and southeastward through the S}£ sec. 18, T. 2 S., 
R. 13 W., along the north line of sec. 20; and empties 
into the main southward-trending buried valley be 
tween the Saline dome and the Sardis hi^h (pi. 2). 
Both the Mount Olive valley and the main valley 
(corresponding to the present Hurricane Creek) east of 
and peripheral to the Saline dome are cut in nepheline 
syenite. Sediments of the Midway group originally 
covered the nepheline syenite between the Saline dome 
and the Sardis high, and overlapped the erst flank of 
the Saline dome. Post-Midway erosion stripped these 
sediments from the basement rock so that throughout 
most of the area between sees. 8 and 32, T. 2 S., 
R. 13 W., on both valley bottom and hill slopes, 
weathered or fresh nepheline syenite is overlain di 
rectly by green sand of the Berger formation and few 
deposits remain.

Erosion has left a long tongue of sediments of the 
Wills Point formation, that extend southeastward 
through sec. 18 into sec. 17, and beyond its tip a small 
Wills Point outlier in the center of the S% sec. 17 and 
the NK sec. 20 The bauxite deposits lie on top of 
this tongue, as well as southwest of its upslope edge 
on the northeast flank of the Saline dome. The 
eroded northeast edge of the tongue is clownslope 
toward the main valley; the south slope of the tongue 
forms a part of the north wall of the Mount Olive 
valley near its mouth.

The Hurricane Creek and the Little deposits in sec. 
18, T. 2 S., R. 13 W. lie on the eroded surface of the
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Wills Point formation. These are typical colluvial 
accumulations (type 2 deposits) of pisolitic bauxite. 
All other deposits in the Mount Olive area overlie 
weathered nepheline syenite. Most of those for which 
information is available contain residual, granitic- 
textured bauxite. The deposits in the upper part of 
the Mount Olive valley are mostly type 1. Residual 
bauxite is overlain by pisolitic ore that contains 
vitreous black pisolites in a red or gray matrix (birds- 
eye ore), also many blocks of granitic-textured bauxite 
with well-formed dense crusts. In the lower part of 
the valley several types of deposits occur together. 
Residual granitic-textured bauxite 011 the nepheline 
sj^enite slopes is typical of type 1 deposits. Kaolinitic 
clay and lignite of Berger age wedges out against these, 
and is overlain by tan massive clayey bauxite contain 
ing lenses of bauxite sand and gravel (type 3 deposit). 
The upper part of this bed is pisolitic and rubbly, and 
the top 5 feet is a conglomerate of high-grade bauxite 
boulders in a carbonaceous clay matrix. The matrix 
is silty to sandy in places and locally contains dark- 
brown laminated clay typical of the Saline formation. 
The conglomerate is of early Saline age and is classified 
as a type 4 deposit. These relations are best shown in 
the Midwest pit and will be discussed in the description 
of that mine.

Overburden, consisting of continental sediments of 
the Wilcox group, is thin at the head of the Mount 
Olive valley near outcrops of bauxite. It thickens 
downslope to a maximum of 270 feet above the eastern 
most deposits near the mouth of the valley. The 
bauxite deposits in sec. 18, T. 2 S., R. 13 W., are 
covered by kaolinitic clay, carbonaceous clay, and lig 
nite overlain by greenish silty clay and clayey sand, all 
of which belong in the Berger formation (see cross 
section, pi. 4). Over much of sec. 18 the Berger forma 
tion was eroded down to kaolinitic cl&y or to bauxite 
before deposition of the Saline sediments, and the 
thickness of the formation ranges from a thin edge to 
112 feet. Some channels in green sand of the Berger 
formation, filled with brown sand of the Saline, are 
more than 40 feet deep. The Berger sediments extend 
up the valley into sec. 13, T. 2 S., R. 14 W. They 
wedge out into bauxite deposits in the NE% sec. 24, 
where kaolinitic clay and lignite are present between 
beds of bauxite in the Midwest pit, in the Childress 
shaft mine, and probably in adjacent property owned 
by the Alcoa Mining Co. where two layers of bauxite 
have been recorded in many company drill holes.

The overlying Saline formation consists of fine to 
coarse brown sand and dark-brown carbonaceous sijty 
clay with fine sand laminae.

All exploratory drilling of deposits in the area was 
done by companies, except that in the S% and

sec. 18, T. 2 S., R. 13 W., which was explored by the 
Federal drilling program.

DUPONT DEPOSIT

Plate 2

Three small ore bodies in the NE# sec. 26, T. 2 S., 
R. 14 W. make up this deposit. Southern lobes from 
two ore bodies extend into the N% of the SE% of the 
section. The Republic Mining and Manufacturing Co. 
explored the deposits by drill holes spaced about 220 
feet apart. None of the ore bodies has been mined. 
They lie south of the Mount Olive deposit, described in 
the next section, across a saddle in outcropping nephe 
line syenite (pi. 2) and have formed on hill slopes at the 
head of a buried valley that in early Eocene time 
drained sees. 25 and 26. The valley trends southeast 
ward into sec. 36, T. 2 S., R. 14 W., and sec. 31, T. 2 S., 
R. 13 W., between deposits of the Brushy Creek area. 
The ore bodies at the head of the valley, however, are 
near Mount Olive and are considered as deposits of 
that area.

The bauxite lies on hill slopes of nepheline syenite 
and fills minor tributary drainage channels of the south 
eastward-trending valley at its head; its floor is covered 
with bauxite of high silica content, bauxitic clay, and 
kaoliuitic clay.

Of the three distinct ore bodies in the deposit, the two 
larger ones are less than 200 feet apart and are sepa 
rated by low-grade material that fills the valley f oor. 
These two are probably largely residual deposits of 
type 1. The third ore body is downslope and east from 
the others, is narrow, and is most likely a colluvial 
(type 2) accumulation. The bauxite in the two larger 
ore bodies ranges from less than 6 to more than 34 feet 
in thickness and is covered by 14 to 80 feet of over 
burden, consisting of dark-brown carbonaceous clay 
and sand of the Saline formation. Bauxite in the small 
ore body has a maximum thickness of 22 feet and is 
covered by about 110 feet of overburden.

In the northeast corner SEJiSWK sec. 26 another 
small deposit was drilled by the Republic Mining and 
Manufacturing Co. The deposit is crescent shaped 
and lies on nepheline syenite at the head of a buried 
valley tributary to the main drainage system in sees. 
5 and 36. The bauxite is reported in driller's logs to be 
10 to 14 feet thick, and it is covered by 25 to 60 feet 
of overburden.

MOUNT OLIVE DEPOSIT

Plate 2

This deposit lies mostly in the SE#SE# sec. 23, 
NE#NE# sec. 26, the NW#NW# sec. 25, and the 
N^SW}X4 and S^NWtf sec. 24, T. 2 S., R. 14 W. The 
lobe of bauxite in the northwest corner of sec. 25 was
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explored and mined by the Superior Bauxite Co. and 
later by the American Cyaiiamid and Chemical Corp. 
The Republic Mining and Manufacturing Co. explored 
the part of the deposit in sees. 23 and 26 with holes 
about 220 feet apart, but it has not been mined. The 
rest of the deposit in sec. 24 was explored and mined by 
the Southern Bauxite Co., the American Cyanamid and 
Chemical Corp., and the Hurricane Creek Mining Co.

The ore body lies at the head of the buried Mount 
Olive valley, a post-Midway erosion surface on the 
nepheline syenite (pi. 2). Bauxite has formed on the 
steep slopes of the headwalls of the valley and along its 
northwest side, and has accumulated in minor tributary 
drainage channels; the deposit is hooked around the 
head of the valley and the valley floor is covered with 
low-grade material.

None of the cores from the drilling was seen by the 
writers, and the bauxite in mines on the deposit was 
largely flooded and covered by slumped overburden, 
but that in the Cleveland pit (pi. 1, no. 93) is well 
exposed. The ore consists of some granitic-textured 
bauxite overlain by rubbly pisolitic material containing 
blocks of granitic bauxite and of pisolitic bauxite in a 
pisolitic matrix (type I deposit). According to com 
pany records, it ranges in thickness from less than 5 to 
40 feet throughout the entire deposit, and is overlain by 
dark-brown carbonaceous silty clay and brown to red 
sand of the Saline formation, reaching a maximum of 80 
feet in thickness.

Cargill (Superior) open-pit mine (pi. 1, no. 98). In 
1924 the Superior Bauxite Co. opened this mine in the 
NWtfNWWWtf sec. 25, T. 2 S., R. 14 W., near Mount 
Olive Church. In 1930, it was bought by the Kalb- 
fleisch Corp. (later the American Cyanamid and Chem 
ical Corp.) and worked until July 1931. It was re 
opened in 1934 (Branner, G. C., 1935, p. 123-124) and 
operated for several years, and it was mined again in 
1941 and 1943.

The pit is small and lies at the bottom of a narrow 
but steep surface valley. Before mining the bauxite 
was covered with 4 to 20 feet of overburden, and 
ranged in thickness from about 7 to 40 feet.

Cargill (south shaft) mine (pi. 1, no. 97). The Amer 
ican Cyanamid and Chemical Corp. sank a 75-foot ver 
tical shaft 800 feet east of the Cargill (Superior) pit 
to complete the mining of ore in this part of the Mount 
Olive deposit. Mining began in September 1934, and 
continued until about 1940.

Cargill (Southern) open-pit mine (pi. 1, no. 94). A 
pit in the SW%SW% sec. 24, T. 2 S., R. 14 W., was 
opened by the Southern Bauxite Co. in 1922 and 
mined for several years thereafter. It was acquired by 
the American Cyanamid and Chemical Corp. in the 
early thirties, was mined for several years, was aban

doned from 1938 to 1942. It was reopened in 1942, 
enlarged, and again mined for a short time.

Bauxite in the Cargill (Southern) mine averaged about 
12 feet in thickness and was covered by 6 to nearly 
40 feet of sandy clay of the Saline formation.

Cargill (north shaft) mine (pi. 1, no. 95). A shaft, 
in the SWtfSWtf sec. 24, T. 2 S., R. 14 W., was sunk 
by the American Cyanamid and Chemicpl Corp. in 
1934. No information has been obtained on the depth 
of the overburden, or the thickness of the ore. The 
period of production of the mine is not known, but it 
appears on the map of Bramlette (1936, pi. 9), was 
active in 1938, and was probably abandoned by 1942. 
The deposit mined is small, separate from the Mount 
Olive deposit, and lies on nepheline syenite near the 
head of the buried Mount Olive valley.

Cleveland (Southern) open-pit mine (pi. 1, no. 96).  
The Southern Bauxite Co. mined this small pit in the 
SE^SWtf sec. 24, T. 2 S., R. 14 W., in the ear\y twenties. 
It was acquired by the American Cyanamid and Chem 
ical Corp. along with other Southern Bauxite Co. prop 
erties in 1930, but apparently was not reopened until 
1940 when another area was stripped alongside the old 
pit. The mine was abandoned in 1941. According to 
driller's logs, as much as 14 feet of bauxite was over 
lain by sand and clay that ranged from a few feet to 
25 feet in thickness.

Cleveland open-pit mine (pi. 1, no. 93). Although not 
mentioned in mining reports before 1940, this pit had 
been opened and abandoned before July 1938, as it 
appears as a flooded mine in aerial photogrrphs taken 
at that time. It lies next to a bauxite outcrop in the 
NW^SWM sec. 24, a short distance northeast of the 
Cargill (Southern) pit, and is believed to have been 
mined first in the early twenties by the Southern 
Bauxite Co. It was reopened by the American Cyana 
mid and Chemical Corp. in 1940, and worked periodi 
cally until 1944, when it was sublet to the Hurricane 
Creek Mining Co. The pit was then considerably en 
larged and strip-mined to a depth of nearly 80 feet. 
The newly stripped area extended into the Ozark 24 
property in the southwest corner NE^SWK sec. 24.

Bauxite exposed over most of the pit walk is pisolitic 
and rubbly appearing. Blocks of granitic bauxite sev 
eral feet in diameter are present. Cobble-sized blocks 
6 inches to a foot in diameter are abundant, formed of 
well-developed "sponge" ore, or porous bruxite with 
well-preserved gibbsitized feldspar laths, grading into 
a surrounding crust of crystalline gibbsite about a cen 
timeter thick. Analyses of the spongy centev and dense 
crust of a bauxite block from this mine are given in the 
table on page 110, sample 3). Blocks of birdseye ore 
are abundant. These contain large black vitreous piso 
lites in a dense iron-red, or less commonly porcellaneous
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gray matrix. Large blocks of vermicular bauxite are 
not common, but they occur in masses several feet 
across, and small blocks of this material are common. 
The matrix of all these blocks is red to gray, generally 
hard and pisolitic. The overall aspect of the material 
exposed here is of bauxite from the upper pisolitic or 
concretionary zone common to high-level residual (type 
1) deposits in Saline County. In thickness the bauxite 
in the mine ranged from less than 5 to more than 20 
feet. The ore body is apparently a small outlier to the 
main Mount Olive deposit.

Ozark 24 open-pit mine (pi. 1, nos. 89, 90, 92). In 
1939 the American Cyanamid and Chemical Corp. 
opened this property in the NE^SWK and SEJiNWtf 
sec. 24, T. 2 S., R. 14 W. The mine was worked from 
a series of open pits. As one pit was worked out, a 
new one was stripped by dragline, and overburden 
stripped from the new pit was backfilled into the old 
one. Eleven separate pits, most of them long and 
narrow, are shown on a company map of the property, 
dated October 1942. Production continued until 1944.

The bauxite ranged from about 5 to 22 feet in thick 
ness, and was covered by 15 to 65 feet of overburden 
that consisted of dark-brown carbonaceous silty clay 
and sand of the Saline formation.

West Ozark open-pit mine (pi. 1, no. 88). This pit is 
in the NW%SW% sec. 24 on property formerly owned 
by the Southern Bauxite Co. a short distance north of 
the Cleveland mine. Apparently no mining had been 
done before July 1938, as no excavation is visible on 
aerial photographs taken at that time. The mine lies 
across the county road from the Ozark 24 pits and was 
worked during the same period as these pits by the 
American Cyanamid and Chemical Corp.

East Ozark open-pit mine (pi. 1, no. 91). This mine 
was opened by the American Cyanamid and Chemical 
Corp. in 1943. It lies in the northwestern corner 
NW^SEtf sec. 24, next to the Ozark 24 pits. The mine 
worked a small lobe of bauxite that projected south 
from the McDonald deposit that is described in a later 
section of this report.

Clevelmid-Evans open-pit mine (pi. 1, no. 87). The 
Hurricane Creek Mining Co. sublet this property from 
the American Cyanamid and Chemical Corp. and mined 
it in 1943. It is in the SE#NW# sec, 24, immediately 
north of and includes parts of two former pits of the 
Ozark 24 mine. The pit was stripped to a depth of 30 
to 62 feet. The bauxite before mining ranged from 6 
to 22 feet in thickness.

MC DONALD DEPOSIT

Plate 2

This large deposit fills most of the NE% sec. 24 and 
the WJa'SEtf sec. 13, T. 2 S., R. 14 W. An elongate

body hi the SE%SE% sec, 13, separated from the main 
deposit by high-silica bauxite and bauxitic clay, is con 
sidered to be a part of the McDonald.

The ore lies on both sides of and across the buried 
Mount Olive valley and extends for nearly three-fearths 
of a mile along slopes of nepheline syenite (see pi. 2).

Most of the bauxite ranges in thickness from lese than 
8 to about 30 feet, but 48 feet of bauxite was reported 
by G. C. Branner (1935, p. 123), in the McDonald 
mine. High-silica bauxite filling the valley bottom in 
the northeastern part of sec. 24 is as much as 56 feet 
thick. The deposit is overlain by bauxitic and kaolin- 
itic clay, thin over the upper parts of slopes and thick 
over the valley. The clay is overlain by dark-l ̂ own 
carbonaceous silty laminated clay and sand of the 
Saline formation that ranges in thickness from 23 feet 
near the center of sec. 24 to 230 feet in the center of 
the SE# sec, 13.

Parts of the deposit in sec. 13 and in the S% of the 
NE% of sec, 24 were explored by the Republic Mining 
and Manufacturing Co., with holes drilled from 200 to 
600 feet apart. The central part of the deposit in the 
NKNEX sec. 24 has been worked in the following mines: 
McDonald, Gates, Midwest, Childress, and Gray (east 
and west pits) (pi. 1, nos. 84, 85, 82, 81, 86, and 83). 
The north tip of the deposit, in the southwest corner 
SWKNEX sec. 13, has been worked by the Northern 
mine (pi. 1). The extreme southwest corner of the 
deposit was mined as a part of the Ozark 24 and the 
East Ozark mines (pi. 1, nos. 89, 90, 91), described 
above.

No descriptions are available to the writers cf the 
bauxite found in the drilling; only that exposed in the 
Childress and Midwest mines was seen. It is probable 
that the deposit is largely residual on the nepheline 
syenite slopes, as is the adjacent Mount Olive deposit, 
seen in the Ozark and Cleveland pits. A little granitic- 
textured bauxite was mined at the east end of the Mid 
west mine. This was overlain near the center of the 
pit by a wedge of bauxitic and kaolinitic clay 5 to 10 
feet thick that locally contained several feet of lignite. 
A similar clay and lignite layer reportedly is present 
in the Childress mine a quarter of a mile to the west, 
and also is recorded in several logs of holes drilled to 
the south by the Republic Mining and Manufacturing 
Co., in the S%NE}£ sec. 24. These beds apparent)y are 
part of a tongue of Berger sediments that thickens 
toward the mouth of the buried Mount Olive valley. 
Overlying this layer in the Midwest mine is a bed of tan 
clayey bauxite containing small lenticular channels 
filled with bauxite sand and gravel, well stratified and 
locally crossbedded. Gradationally above is a ribble 
of boulders and large blocks of pisolitic and granitic- 
textured bauxite of indistinct outline in a similar gray
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or tan hard matrix. The uppermost 5 to 10 feet of 
bauxite in the pit consists of hard, rounded boulders in 
a bauxitic to kaolinitic clay matrix. This was partly 
mined, but across much of the pit the matrix was silty, 
and locally consisted of dark-brown sandy clay typical 
of the overlying Saline sediments.

These relations indicate a complicated history for 
the deposit. It is probably a residual deposit (type 1) 
that is overlain in the valley floor by alluvial bauxite 
probably of Berger age (type 3) and by a conglomeratic 
bauxite at the base of the Saline formation (type 4).

McDonald shaft mine (pi. 1, no. 84). In 1933 the 
Crawford Bauxite Co. completed a 90-foot shaft on 
this property in the SW#NE#NEJ£ sec. 24. It was 
called the Patricia No. 1 mine in the U. S. Geological 
Survey "Mineral Resources" for 1933, and was mined 
until 1935. It was acquired by the Arkansas Bauxite 
Corp. and mined from 1938 to the spring of 1940 as 
the McDonald mine.

Bauxite was reported to be as much as 48 feet thick, 
covered by 70 to 80 feet of sand and clay.

Gates shaft mine (pi. 1, no. 85}. This mine in the 
SE#NW#NE# sec, 24 was operated from 1939 to 1941 
by Consolidated Chemical Industries, Inc., as the 
Alexander No. 2 mine. It was then acquired along 
with the McDonald lease by American Cyanamid 
and Chemical Corp., and renamed Gates mine. It was 
operated until the fall of 1943.

Midwest open-pit mine (pi. 1, no. 82}. Located on 
the Gray property in the NE%NE% sec. 24, this mine 
was stripped in 1943 and mined during 1944 by the 
Midwest Mines Co. Before mining the property had 
been explored intensively by the American Cyanamid 
and Chemical Corp. and by Jackson and Squire.

The pit is about 800 by 300 feet, and more than 80

feet deep to the top of the ore. Bauxite occurs in two 
principal beds, separated by 5 to 15 feet of bauxitic 
clay, kaolinitic clay, and lignite. In the certer of the 
pit the lower bed was 13 feet thick, the upp°,r 18 feet, 
separated by 15 feet of bauxitic to kaolinitic clay. Each 
bauxite bed was irregular, not so much in thickness 
as a lithologic unit, as in chemical grade. Material 
from different parts of the mine, nearly identical in 
appearance, might range from bauxitic clay to high- 
grade ore. The intermediate clay layer pinched out 
to the southeast where upper and lower beds merged 
as shown in figure 62. In the southeast corner of the 
pit the lower bauxite (a) is granitic-textured. The 
wedge of kaolinitic to bauxitic clay (6) overlying the 
lower unit is gray, compact, and somewhat fragmental. 
It is overlain by a few feet of tan clayey bauxitic clay 
(c) containing small lenses, one-half inch to a foot thick, 
of bauxite sand or gravel. The thin lenses are of fine 
grained detritus, the thick ones are pebbly. In the 
overlying main bed of ore (d), the bauxite is light- 
tarmish-gray and compact. Pisolites are scattered 
through the matrix; rounded fragments or blocks 6 
inches to 4 feet across are visible but are ill defined. 
They consist largely of pebbly and pisolitic bauxite in 
a drab greenish-gray cherty-looking matrix. Rounded 
blocks of both granitic-textured and vermicular bauxite 
are present. The uppermost bed is conglomeratic and 
consists of rounded boulders of granitic-textured and 
pisolitic bauxite in a gray matrix. At the southeast 
end of the pit this bed (e) merges with the one below, 
and the gray matrix is bauxitic; here the entire interval 
was mined as ore. Westward the bed thickens and 
shows a distinct contact with the underlying bauxite 
(/). The bauxite boulders are more sparse, the matrix 
clay is kaolinitic with much admixed silt, f.nd many

FIGURE 62. Diagrammatic section in the Midwest mine. Granitic-textured bauxite and bauxitic clay (a). Bauxitic to kaolinitic clay (6) 
containing bedded lignite (Berger formation). Lenses of bauxite detritus in clayey bauxite matrix (c). Pisolitic bauxite containing masses o* 
pisolitic and granitic-textured bauxite (d). Bauxite boulders in bauxite matrix (e) grading westward to bauxite boulders (/) in silty to sandy 
clay matrix (Saline formation). Carbonaceous silty clay and sand (g) (Saline formation).
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of the spaces between boulders are filled with car 
bonaceous silty to sandy clay typical of the Saline 
formation. This bed is a basal conglomerate of the 
Saline formation. The top of it dips westward, and 
on the west wall of the pit is cut by a long channel, 6 
feet deep, filled with sand and clay of the Saline forma 
tion. The overburden consists of about 20 feet of dark- 
brown rubbery silty clay with thin partings of fine- 
brown micaceous sand, overlain by 50 feet of fine tan 
to brown quartz sand with abundant fine dark-brown 
clay partings. The top 10 feet of the overburden is 
soft red quartz sand with white plastic clay layers 0.5 
to 2 centimeters thick.

Childress shaft mine (pi. 1, no. SI). The Hull- 
Macke Mining Co., later the Macke Mining Co., devel 
oped and mined this property in the N}2NW%NE% sec. 
24, from 1943 to January 1945. The ore was reached 
by a shaft 129 feet deep. Bauxite, ranging from a few 
feet to 31 feet in thickness, is covered by 60 to 100 feet 
of sand and clay of the Saline formation.

Two layers of bauxite are reported in logs of several 
of the exploratory drill holes, but so far as is known, 
only the upper bed was mined. The ore was reported 
to average 52 percent A12O3 , 11.3 percent SiO2 , and 3.3 
percent FeO. The lower bauxite bed is reportedly 14 
feet thick. It is overlain by 9 to 27 feet of clay and 
lignite, probably the west edge of a tongue of the same 
sediments seen in the Midwest pit at about the same 
altitude. The layer, of probable Berger age, is overlain 
by the upper mined bed of bauxite. When the mine 
was visited in the spring of 1944, the lower drifts were 
in tan clayey ore containing lenses filled with bauxite 
gravel. One drift exposed medium-grained well-strati 
fied bauxite sand with distinct crossbedding along one 
face. This was cut by a channel or lens 3 feet thick 
filled with unsorted bauxite gravel, containing pebbles 
as much as 7 centimeters across. In drifts cut into the 
upper part of the bauxite bed, the ore was a rubble of 
pebbles and boulders or blocks of bauxite in a matrix 
of firm, structureless, tan clayey bauxite. The matrix 
was mealy, nonplastic to moderately plastic, and ranged 
from high-grade ore to bauxitic clay containing about 
45 percent alumina and more than 20 percent silica. 
The boulders in the ore were mostly brownish-red hard 
pisolitic bauxite with abundant vitreous pisolites. 
Gray cherty-looking boulders containing pisolites and 
fragments were likewise abundant. Common, but less 
prominent because they were poorly defined, were large 
angular blocks several feet in diameter of pisolitic 
bauxite in a tan matrix. These blocks were somewhat 
harder than the surrounding clayey bauxite but much 
softer than the rounded boulders.

The channeling and stratification in bauxite directly 
overlying lignite and clay suggest that it was deposited

by alluvial agencies in late Berger time (type 3 deposit). 
Above this, the ore is apparently colluvial, possibly 
deposited as a mudflow; the uppermost part containing 
rounded boulders is apparently alluvial and may be a 
conglomerate at the base of the Saline formatior (type 
4 deposit) although no unconformity was apparent.

Gray (east pit} mine (pi. 1, no. 86). The mine lies in 
the SJaNWJiNEJi sec. 24 next to the Gates and Childress 
underground mines. It was stripped with a dragline 
and mined late in 1944 by Jackson and Squire. E auxite 
in the pit ranged from 18 to 23 feet in thickness and 
was covered by 65 to 75 feet of dark-brown silty clay 
and brown sand of the Saline formation.

Gray (west pit) mine (pi. 1. no. 83). This oper pit in 
the SE#NEJ£N"E# sec. 24 was stripped by means of a 
dragline and mined late in 1944 by Jackson and f nuire. 
The bauxite, according to drilling records, was 10 to 20 
feet thick and was covered by about 65 feet of over 
burden. The overlying sediments exposed in the pit 
walls are dark-brown laminated silty clay and brown 
sand of the Saline formation.

Northern open-pit mine. This strip-pit in the south 
west corner SW}£NE% sec. 13 was mined in 1948 by the 
Reynolds Mining Corp. No information is available to 
the writers on the thickness of the bauxite, or the depth 
of overburden.

LITTLE DEPOSIT

Plate 2

This deposit in the NE% sec. 18, T. 2 S., R. 13 W., 
consists of two ore bodies connected with low-grade 
bauxite and bauxitic clay. It was investigated by 
drilling 24 holes spaced about 200 feet apart (Matamphy 
and others, 1948, v. 11, p. 8-16, fig. 95). The deposit 
was not completely delimited by offset holes to the 
southwest. The bauxite lies on the eroded surface 
of the Wills Point formation, flanking the northeast 
side of the Saline nepheline syenite mass. The post- 
Midway erosion surface dips northeast and contains 
several northeastward-flowing drainage systems. The 
deposit lies across one of these and is divided into two 
small ore bodies by the valley bottom. Both ore 
bodies contain pockets of high-grade bauxite 18 to 21 
feet thick. The ore is pisolitic in the upper part, and 
sparsely so in the lower part. Small but thick pockets 
of high-grade ore are surrounded by bauxite that is 
thin, fragmental, and low grade. Total iron as Fe2O3 
averages about 10 percent throughout.

The deposit overlies red and gray sideritic kaolinitic 
clay and is overlain by a few feet of kaolinitic clay of 
the bauxite-kaolin facies. Overburden ranges from 
216 to 256 feet in thickness and is composed of 60 to 
90 feet of gray clayey sand of Berger age interbedded 
with some silty clay and lignite, and overlain by
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dark-brown clayey sand and silty clay of the Saline 
formation.

The uppermost 12 to 19 feet of the overburden 
consists of sand, gummy sandy clay, and gravel of the 
Hurricane Creek flood plain.

HURRICANE CREEK DEPOSIT

By William B. Alien 

Plates 4 and 33

The largest ore body drilled by the Federal project 
in the Mount Olive area is located in the SKNE% and 
the NKSE% sec, 18, T. 2 S., K. 13 W., south of the 
Bauxite-Sardis road and north of Hurricane Creek. 
The land surface is in the creek bottom land at an aver 
age altitude of about 300 feet. The Hurricane Creek 
deposit was investigated by drilling 194 holes spaced 
about 200 feet apart. (Malamphy and others, 1948, 
v. 11, p. 17-86, fig. 96).

The deposit lies near the south end of the tongue of 
Midway sediments that extends southeastward through 
sec. 18 into sec. 17 (pi. 2). The post-Midway erosion 
surface on the Wills Point formation slopes about 4° 
to the southeast under most of the deposit. The slope 
forms the north side of the valley that drained the 
Mount Olive area in early Eocene time. The relation 
of the deposit to the post-Midway erosion surface is 
shown in the subsurface map (pi. 33) and in the col 
umnar sections (pi. 4).

The bauxite forms a large lenticular blanket as much 
as 18 feet in thickness, that averages about 12 feet 
within an 8-foot cutoff. Several long lobes of ore 
extend westward and southward. Some of these are 
joined to the main body by bauxite less than 8 feet 
in thickness.

The ore contains well-developed pisolites in a tan 
structureless matrix that is firm at the top, grading to 
mealy, friable bauxite in the bottom part. Silica and 
ferrous iron are comparatively low.

Upslope and in the center of the deposit the grade 
drops sharply above and below the bauxite. Overlying 
and underlying high-silica bauxite is thin. Downslope 
the flat-lying bauxite near the valley bottom passes 
more gradually into bauxitic clay above and below, 
and the bauxitic unit contains abundant fragments of 
both pisolitic and gramtic-textured bauxite.

A high-silica bauxitic hardcap a foot or more in 
thickness covers a large part of the ore body. The 
bauxite is underlain by 5 to 20 feet of bauxitic clay, 
kaolinitic clay, and red-mottled sideritic clay that 
overlies weathered clay of the Wills Point formation. 
The bauxite is overlain by 2 to 20 feet of bauxitic 
and kaolinitic clay. Lignite and gray silty clay a few 
feet thick overlie the kaolin, and these are covered by

greenish-gray sandy clay and clayey sand, all of Berger 
age. These sediments are completely eroded over the 
north part of the deposit, and also along the west 
and south edges, where dark-brown sand ard clay of 
Saline age lie on clay of the bauxite-kaolin facies. 
The total thickness of overburden ranges from 196 
feet at the north to 247 feet at the east side of the de 
posit. The uppermost 12 to 19 feet consists of recent 
sand, gummy sandy clay, and gravel of the Hurricane 
Creek flood plain.

BAILEY DEPOSIT

Plates 4 and 33

This deposit includes four ore bodies, each more 
than 8 feet thick but separated from each other by 
thicknesses of less than 5 feet of bauxite and bauxitic 
clay. They are called the Bailey deposit (no. 57) by 
Malamphy and others (1948, v. 11, p. 103-13^, fig. 98), 
who published the locations, short logs, and analyses 
of cores of the 88 holes drilled to investigate this de 
posit. Part of the largest ore body, in the N% frac, 
SWtf sec. 18, T. 2 S., R. 13 W., was drilled by the 
Federal project. A larger part drilled by mining com 
panies lies in the NEtfSEtf sec. 13, T. 2 S., R. 14 W. 
This ore body covers the steeply sloping south end of a 
iiepheline syenite ridge in the NEK sec. 13 and extends 
dowiislope to the north edge of the buried Mount Olive 
valley bottom. The relationship to the underlying post- 
Midway surface is shown in the subsurface map (pi. 33) 
and in the columnar sections (pi. 4).

The bauxite is orange, granitic-textured, rud some 
what mealy at the base, tan and pisolitic in the middle, 
and in the upper part pebbly and fragmental in a 
gray high-silica matrix. Flat-lying bauxite at the foot 
of the slope is conglomeratic. The ore ranges in thick 
ness from a few feet to 22 feet in the part of the body 
drilled by the cooperative project and reaches a maxi 
mum thickness of 28 feet in the company-drilled area. 
The ore body is in part a residual (type 1) deposit and 
in part a colluvial accumulation (type 2).

Across the buried valley on north-sloping nepheline 
syenite are three small ore bodies that make up the 
rest of the Bailey deposit. The first, in the northern 
part of the S% frac. SW% sec. 18 is thin, low grade, and 
consists mainly of 5 to 10 feet of fragmental bauxite 
accumulated at the foot of the hill. The second, in the 
northwest corner SW%SE}£ sec. 18, contain^ 8 to 12 
feet of ore, high-grade and pisolitic in the lower part, 
low grade and fragmental above. The material covers 
the side slopes of a small buried tributary T^alley (pi. 
33). The third, about 300 feet east of the second, is a 
small pocket of high-grade pisolitic bauxite about 10 
feet thick cored in only one drill hole.
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Fragmental bauxitic and kaolinitic clay 10 to 30 feet 
thick overlies the bauxite of each body in the deposit. 
This is covered by 120 to 219 feet of overburden. It 
consists of lignite, and gray silty clay of the Berger 
formation, absent over the upslope and as much as 30 
feet thick over the downslope parts of the deposit; tan 
sand and dark-brown carbonaceous silty clay of the 
Saline formation; and 12 to 19 feet of recent sand, 
gummy sandy clay, and gravel of the Hurricane Creek 
flood plain.

TINDALL DEPOSIT

Plate 33

Two ore bodies in the SEtfSEtf sec. 18, T. 2 S., R. 
13 W., are included in this deposit that was investigated 
hy drilling 45 holes spaced about 200 feet apart (Malam- 
phy and others, 1948, v. 11, p. 87-102, fig. 97).

The smaller of the two ore bodies, in the west center 
of the 40-acre tract, lies near the foot of a steep slope 
on the nepheline syenite (pi. 33). The post-Midway 
erosion surface dips eastward, and the bauxite has 
accumulated above a thick wedge of fragmental kao 
linitic and bauxitic clay. Some of the ore is mealy, 
pisolitic, and high-grade but most of it is fragmental 
and low grade. The matrix of the fragments is clayey 
bauxite, or gray bauxitic and kaolinitic clay.

The larger of the two ore bodies, in the southern part 
of the 40-acre tract, lies on the eroded post-Midway 
surface of the nepheline syenite near the foot of the 
slope, filling minor valleys cut in the basement rock. 
It lies on fragmental bauxitic and kaolinitic clay over 
kaolinized nepheline sj^enite and is a colluvial ore body 
(type 2 deposit). The ore body extends south into the 
NEtfNEM sec. 19. This part of it was drilled by the 
Republic Mining and Manufacturing Co. in 1944. The 
bauxite cored by the cooperative drilling program is tan, 
pisolitic and firm to mealy near the center of the bod}7 , 
whereas that near the margins is fragmental and less 
pisolitic. It ranges from a few feet to 17 feet in thick 
ness, and that in sec. 19 cored by Republic Mining 
and Manufacturing Co. reaches a maximum of 22 feet. 
It is covered by a few feet to 20 feet of fragmental 
bauxitic and kaolinitic clay.

The Tindall deposit is covered by 182 to 272 feet 
of overburden. Lignite, carbonaceous clay, and gray 
silty clay of the Berger formation is absent over the 
west ore body, but present over the southern one, and 
it reaches a maximum thickness of about 50 feet at 
the east edge of the deposit. The rest of the over 
burden consists of laminated dark-brown carbonaceous 
silty to sandy clay and brown to tan sand of the Saline 
formation, overlain by about 15 feet of recent sand, 
clay, and gravel of the Hurricane Creek flood plain.

CHAMBERS DEPOSIT

Plate 2

The ore body lies in the NE#NE# sec. 19 and the 
NWtfNWX sec. 20, T. 2 S., R. 13 W. The land 
surface is the flat, wooded flood plain of Hurricane 
Creek.

The ore body is closely related to the two adjacent 
bodies in the Tindall deposit and lies on the northwest 
side of a post-Midway drainage basin that trends 
northeastward through sec. 19, near its mouth where 
it empties into the recurved valley draining the Mount 
Olive area (pi. 2). The deposit rests on fragmental 
kaolinitic clay overlying kaolinized nepheline syenite. 
Bauxite reaches a maximum thickness of 18 feet and 
is brown and pisolitic in the center of the body and 
fragmental near the margins. Bauxitic and kaolinitic 
clay from a few feet to 35 feet thick blankets the deposit, 
and this is covered by overburden consisting of lignite, 
carbonaceous clay, and gray to green silty to eandy 
clay of the Berger formation overlain by nearly 200 feet 
of dark-brown carbonaceous silty clay and sand of the 
Saline formation. About 15 feet of recent alluvium 
of the Hurricane Creek flood plain covers the surface.

MC RAVEN DEPOSIT

Plate 2

This small body of bauxite is in the NW^SWJt sec. 
20, T. 2 S., R. 13 W. The property was drilled by 
the Reynolds Mining Corp., with holes spaced 200-600 
feet apart. Two adjacent holes cored about 8 feet 
of ore, and a third hole nearby cored about 4 feet. As 
the drilling was scattered and few holes disclosed 
bauxite, the deposit may be very thin, irregular, and 
low grade. The subsurface map (pi. 2) showir the 
possible outline of the ore body and its relation to 
the subsurface topography. It lies on nepheline 
syenite, on the north wall of an easterly drainage basin.

The ore was reported to be brown, hard to mealy, 
and pisolitic containing large pisolites in the upper 
part of the bauxite, and light brown, hard to clayey, 
in the lower part. It is covered by 207 to 233 feet of 
lignite and gray silty clay of the Berger formation and 
dark-brown carbonaceous silty clay and sand of the 
Saline formation.

BRUSHY CREEK AREA

Several large deposits are in the upper drainage 
basin of Brushy Creek, in sec. 1, T. 3 S., R. 14 W., and 
sees. 25 and 36', T. 2 S., R. 14 W. and sec. 31, T. 2 S., R. 
13 W. (fig. 60). The area is about 25 miles southwest of 
Little Rock in Saline County, and about 4 miles south 
east of the town of Bauxite by good county road. It 
is rolling country with a maximum relief of about
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150 feet, the lowest point on the creek being about 305 
feet above sea level.

The deposits have accumulated in a buried embay- 
ment in the Saline dome (pi. 2). The embayment is 
flanked on the north and east by a major buried ridge 
of nepheline syenite that is exposed in the northeastern 
part of sec. 25, T. 2 S., R. 14 W., and trends eastward 
and southeastward through sees. 30, 29, and 32, T. 
2 S., R. 13 W. On the west it is bounded by another 
ridge that crops out in the northwestern part of sec. 35, 
T. 2 S., R. 14 W., and trends southeastward into sec. 
36. The floor of the embayment is covered by silty 
clay of the Wills Point formation.

The trace of the buried contact of the Wills Point 
on the nepheline syenite indicates considerable post- 
Midway erosion before accumulation of the bauxite. 
The contact is low across valleys and high over ridges. 
The east edge of the tongue of Midway sediments in 
sec. 31, T. 2 S., R. 13 W., rises 280 feet in about three- 
quarters of a mile in crossing the nepheline syenite 
ridge in the northwestern part of the section.

Several buried valleys drained the major ridges in 
early Eocene time. The largest of these, here called 
the Brushy Creek valle}", heads in sec. 26 and trends 
southeastward onto the surface of the Wills Point 
formation. The ore bodies of the Dupont deposit in 
sec. 26, near Mount Olive and discussed under the 
Mount Olive area, lie along the headwalls of this valley. 
The deposits discussed in this section are the East 
Bauxite. MacNeil. and Grubbs-Hawkins; also the Long-
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Bell deposit in sec, 1, T. 3 S., R. 14 W., just southwest 
of the embayment. These are all on or near the edge 
of the Wills Point formation, and all are overlain by 
Berger sediments. They are typical type 2 bauxite 
deposits in the colluvial bauxite-kaolin facies of the 
Berger formation.

Bauxite in these deposits is dominantly pisolitic, 
with abundant well-developed pisolites in a matrix 
that is firm or hard in the upper part of the ore, and 
mealy or soft and clayey in the lower. Pisolites are 
sparse or absent near the base of the bauxite. Up- 
slope most deposits have a hardcap of high-silica 
bauxite; downslope, they are fragmental and more 
kaolinitic. Near the valley bottom the bauxite of ore 
grade is thin, but the bauxitic section is thicker. The 
buried Brushy Creek valley, between the East Bauxite 
and the Grubbs-Hawkins deposits, is filled with 60 feet 
or more of fragmental kaolinitic clay that contains 
pisolites and pebbles of bauxite. The bauxite-kaolin 
zone thins southeast of the deposits to 10 or 20 feet 
and consists of kaolinitic clay containing bauxite 
fragments.

The deposits are covered by lignite, carbonaceous 
clay and gray silty clay to clayey sand of the Berger

formation, which is more than 100 feet thick over the 
downslope part of some of the deposits. Upslope it 
thins and pinches out against the nepheline syenite. 
The north tip of the East Bauxite deposit is not covered 
by later Berger sediments. Above the Berger and 
overlapping it is the Saline formation, a thick unit of 
sand and clark-brown carbonaceous silty clay. Up 
slope from the edge of the Berger sediments, the Saline 
generally rests on fresh or decomposed nepheline 
syenite. The bauxite and kaolin are both absent except 
for small fragmental remnants at the bottoms of drain 
age valleys. The small Hudspeth-Metcher deposit in 
the SEJiNEX sec. 25 is of this type, as r the East 
Cargill deposit in the SW%SW% sec. 25 (not shown on 
the subsurface map as it contained no ore-grade 
bauxite) . Both deposits contained minor amounts of 
dark-brown silty clay or sand in crevices between 
bauxite boulders, and they are thought to be alluvial 
accumulations at the base of the Saline formation. 
Apparently all bauxite in this area not protected by 
Berger sediments on the nepheline syenite slopes was 
eroded at the end of the Berger deposition. Only the 
high residual patches that comprise the Dupont deposit 
were left. During the accumulation of the Saline 
sediments, material eroded from the hills was locally 
preserved in parts of the valley bottoms and covered 
by the sands of the Saline.

Thus little bauxite remains on the steep south slopes 
of the Saline dome in sees. 25, 34, 35, and 36, T. 2 S., 
R. 14 W. The only large deposits are near or over 
Midway sediments and protectively covered by Berger 
sediments. The east slope of the Saline dome, as 
explained in the previous section, was subject to exten 
sive erosion during the deposition of the Berger as well 
as the Saline sediments, and therefore little bauxite is 
found in sees. 19, 20, 29, 30, and 32, T. 2 S., R. 13 W.

MC NEIL DEPOSIT

By Arthur L. Jenke 

Plate 34

This deposit is in the W^NEji sec. 31, T. 2 S., R. 13 
W. on property of D. A. McNeil (mineral rights, 
Missouri Pacific Railroad). It lies about 500 feet 
northeast of the East Bauxite deposit from which it is 
separated by a buried subsurface ridge.

The deposit and part of the low-grade bp,uxitic rock 
between it and the East Bauxite deposit were investi 
gated by 75 drill holes. (Malamphy and others, 1948, 
v. 12, p. 8-35, fig. 100).

The relationship of this deposit to the post-Midway 
erosion surface and to the East Bauxite body are shown 
in plate 34. The bauxite occupies the west side of a 
narrow valley on the post-Midway surface, the axis of 
which trends about N. 15° W. The ore lies in a lens-
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shaped body, elongate in a northerly direction. It is 
about 1,400 feet long by 600 feet wide and covers an 
area of about 11 acres. The ore body dips to the south 
about 26 feet in 1,000. It pinches out abruptly on the 
north, east, and west sides and gradually southward. 
The ore reaches a maximum thickness of 28.5 feet in 
USBM drill hole 15-147 near the center of the deposit.

The deposit lies over the buried trace of the Wills 
Point and nepheline syenite contact, which nearly 
parallels the valley axis. The clay beneath the bauxite 
is like the underclay in the East Bauxite deposit a red 
and gray mottled kaolinitic clay alternating locally with 
pale blue-green sideritic rock 2 to 16 feet thick.

Most of the ore is pisolitic bauxite, similar to that in 
the East Bauxite deposit. The ferrous iron content is 
high and lowers the grade of the ore.

No hardcap or roof rock was found over the ore in 
the McXeil body. The bauxite grades upward into 
bauxitic clay overlain by kaolinitic clay, which reach a 
maximum thickness of 44 feet over the ore.

In the area between the East Bauxite and McNeil 
deposits the lower part of the bauxite has been replaced 
by secondary iron minerals mainly siderite, and to a 
much lesser extent, hematite and goethite. Much of 
the rock is olive-drab to brown with a greenish cast, 
porous, very hard, heavy, and brittle. It is composed 
largely of crystalline siderite and in some places of 
sideritic oolites cemented with siderite or limonite 
(goethite). In places the upper part of this rock is 
filled with small white rounded kaolinitic fragments. 
The upper part of this bed generally is siliceous. In 
USBM drill hole 15-125, 150 feet west of the McNeil ore 
body, bauxite containing magnetic pisolites was cored 
at a depth that ranged from 351 to 354 feet. The piso 
lites are hard, dark gray to black, vitreous, and set in 
a nonmagnetic matrix of dense red sideritic bauxite.

The thickness of the overburden, including the baux 
itic and kaolinitic clay mentioned above, ranges from 
366 to 403 feet, and is lithologically similar to that 
overlying the East Bauxite deposit.

EAST BAUXITE DEPOSIT

By Arthur L. Jenke 

Plate 34

This large deposit, composed mainly of pisolitic 
bauxite, occupies most of the S^NWK sec. 31 and ex 
tends southeastward into the SWKNE% sec. 31, T. 2 S., 
R. 13 W., and also northwestward into the E^NEK sec. 
36, T. 2 S., R. 14 W. It is on land owned by B. H. 
Baxley, Cargill Securities Co., N. M. Carl and C. B. 
Carl, International Paper Co. (Missouri Pacific Rail 
road, mineral rights), and D. A. McNeil. Part of this 
area was leased in 1949 by the Dulin Bauxite Co. At

the end of that year a steel-lined circular shaft was 
partly completed.

The deposit was discovered by the Federal drilling 
program in USBM drill hole 14-004C, drilled on August 
31, 1943, and in which 10.3 feet of bauxite was cored. 
It was the fourth hole in an exploratory drilling program 
designed to test a subsurface area about which little was 
previously known. Later, between October 11, 1943 
and December 21, 1944, 285 holes were drilled to de 
limit all but the southeastern tip of the deposit, mo^t of 
which were spaced at intervals of about 200 feet on a 
triangular grid (Malamphy and others, 1948, v. 12, p. 
36-149, fig. 101).

The East Bauxite deposit is a lens-shaped mass lying 
on the northeast flank of a broad, gently sloping pub- 
surface valley, the axis of which trends about N. 30° W. 
Its outline and relationship to the post-Midway erosion 
surface and the nearby McNeil deposit are shown in 
plate 34. Cross sections and columnar sections are also 
given in this plate. The principal ore body within the 
deposit is almost elliptical in outline with its major axis 
in a direction nearly parallel to the trend of the valley. 
An elongate northward extension is at the northvest 
end of the main ore mass; and smaller lobes are along 
the north and south margins. The elliptical part is 
about 2,600 feet long and 1,500 feet wide, and the en 
tire ore body covers an area of about 64 acres. It dips 
to the southeast about 40 feet in 1,000.

The ore is thickest in the western part of the ore 
body where it reaches a maximum of 43 feet. The 
grade of the ore drops abruptly to the west and south; 
in other directions the deposit thins gradually. The 
thickest ore lies in small valleys and valley re-entiT.nts 
but the bauxite is limited to the flanks of major drain 
age features. Like others hi the vicinity, this is a type 
2 deposit formed in the colluvial apron at the margin of 
the Berger formation.

The basement rock is gray nepheline syenite, which 
has been overlapped by a wedge of dark-gray clay of the 
Wills Point formation. The main part of the deposit 
rests upon the Wills Point but the northwest lobe ex 
tends across the edge of the wedge and rests upon 
weathered nepheline syenite which has been altered to 
a white to blue-gray kaolinitic clay locally with granitic 
texture. Scattered through this clay are altered 
biotite flakes and siderite pellets; iron stains and pyrite 
nodules and grains also occur particularly in the upper 
part.

These clay beds are overlain by a transported frag- 
mental clay as much as 15 feet thick. In most places 
the clay is mottled, pale red and gray, sideritic, and 
kaolinitic, locally it is pale blue or green and without 
ferric oxide staining. Where slightly bauxitic it hrs a 
pale tan to pink cast. The clay contains scattered
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pisolites and in places vertically elongated bifurcated 
tubules that resemble root marks or worm burrows. 
The clay fragments in this rock are small, rounded, and 
sparse.

The vertical transition from underclay to bauxite of 
ore grade occurs within 1 to 4 feet. The normal suc 
cession upward starts with pale tan, soft pisolitic 
bauxitic clay at the base and grades through high-iron 
and high-silica bauxite into the hard, dense, red to 
reddish-tan pisolitic ore. There is a further gradation 
upward into softer tan pisolitic bauxite high in available 
alumina. The soft ore is overlain by high-silica bauxite 
grading into light-gray bauxitic clay at the top of the 
deposit.

The lower part of the bauxite has pisolites with soft 
almost liquid centers, particularly along the sides of the 
ore bodies. Some pisolites in this lower part of the ore 
section are filled with white kaolinite, with a veined or 
lattice structure possibly resulting from shrinkage. 
Samples from near the bottom of the ore in USBM 
drill holes 14-058, 14-061, and 16-050 had ignition 
losses 6 to 15 percent lower than normal for gibbsitic 
bauxite, probably indicating the presence of the mono- 
hydrate boehmite.

Pisolites are most abundant in the middle of the ore 
section and decrease in quantity vertically in both direc 
tions. The pisolites in this ore are hard, moderately 
round to spherical concretionary structures, commonly 
with concentric color banding. They have dark-gray 
to nearly black or reddish-brown resinous-looking 
interiors and red to brown hard thin outer rinds or 
shells. They range in size from about % to 1 inch across 
the largest diameter. Compound pisolites are common 
in good grade ore. The bauxite lacks evidence of any 
stratification.

Ore that is porous and composed chiefly of pisolites 
with little or no matrix is the highest grade. Such ore 
breaks apart under slight pressure. The matrix of the 
high-grade ore is rich tan in color, soft, mealy, and 
crumbles easily. Much of the highest grade ore lies 
near the top of the ore body. At depth the bauxite is 
hard, dense, red, and high in iron.

The iron content of the East Bauxite deposit is of 
major commercial importance. The iron is mainly 
present in the ferrous carbonate, siderite, and to a 
lesser extent in the ferric oxide minerals, hematite 
and goethite. The siderite is concentrated in the lower 
half of the ore but varies greatly at equivalent depths in 
adjacent drill holes. It is crystalline and fills inter 
stices between pisolites and pore spaces in the matrix 
of the bauxite. In places, in the lower part of the 
deposit, small cavities or vugs are coated with well- 
developed siderite crystals. Pyrite is not common 
and where present is in thin crystal coatings 011 crystal

line siderite in cavities. The ferruginous c^e canjbe 
beiieficiated and much of the siderite removed by 
crushing and roasting followed by magnetic reparation.

Rock that could be used as a competent roof in 
mining is almost entirely absent and was cored in only 
three drill holes. In these drill holes the rock is a hard 
light gray pisolitic, highly siliceous bauxitic. The 
absence of an extensive hardcap necessarily neans that 
some of the ore will have to be left to support the over 
lying clay during mining.

The pisolitic bauxitic clay at the top of the deposit 
grades upward into lower grade bauxitic clay that in 
most places is white, nonsilty, and nonplastic. Piso 
lites are scarce but fragments composed of kaolin, 
brown carbonaceous clay, and lignite are common. 
Clayey lignite and black to brown carbonaceous clay 
layers are interbedded with this upper bauxitic clay. 
They usually are fine-grained, silty, and seldom frag- 
mental. Brown carbonaceous clay beds were found 
directly overlying the ore in a large area. Basinward 
they probably unite with lignite beds in the Berger 
formation, but drilling was not sufficiently vddespread 
to permit correlation of the carbonaceous units. Sider 
ite, where present, usually is in small sand-sized grains 
concentrated locally in layers about 6 inches to 1 foot 
thick. The upper bauxitic clay section reaches a 
maximum of 42 feet in thickness over the minable part 
of the deposit, but is absent locally where it has been 
removed by post-bauxite channeling. The thickness 
generally increases downdip to the southeast.

The bauxitic clay is overlain by few inches to 15 feet 
of gray to almost white firm brittle kaolinitic clay, 
locally containing small white to cream-tan, brown, 
or black (lignitic) fragments, some of which are sur 
rounded by "halos" or reaction rims. Carbonaceous 
and lignitic clay beds are interlayered with this overclay 
also.

The bauxitic and kaolinitic clay beds are overlain by 
carbonaceous and clastic sediments of the Wilcox group 
that range in thickness from 249 to 542 feet. These 
sediments thicken southward, the maximum thickness 
being recorded in a drill hole about 1,500 feet south 
of the southeast edge of the ore body. The lower part 
of this section, which thickens from a fea.ther edge 
to 116 feet southward, is composed of beds of the Berger 
formation. These include medium and clarl'-gray (lo 
cally light blue or green) silty to sandy clay, lignite, 
clayey lignite, and brown carbonaceous clay. They 
vary in thickness and grade one into the othe^, laterally 
and vertically. Lignite and carbonaceous clay pre 
dominate in the lower part; layers of medium-grained 
loose quartz sand and hard shells of fine-grained 
siderite are fairly common in the upper part. The 
Berger formation is overlain by 200 to 335 feet of dark-
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brown silty, micaceous, carbonaceous clay of the Saline 
formation which, in some places, grade into brown 
quartz sand. Throughout most of the area the carbo 
naceous clay is capped by a hard dark reddish-brown 
ferruginous sandstone, which ranges in thickness from 
a few inches to about 2 feet. Thin ferruginous sand 
stone layers and lignite lenses are scattered through 
the clay. Tan bauxitic-looking clay beds are found 
in a few places in the Saline formation and also in the 
underlying Berger. The uppermost bed of the Saline 
formation overlying the southern part of the deposit 
is a white sandy clay. This is overlain by a bed of 
massive woody lignite believed to be the one that marks 
the base of the Detonti sand in this area. The Detonti 
sand is composed of pale-yellow to orange sandy clay 
at the base, grading upward to medium or dark-gray 
sticky clay. Above the clay is a fine- to medium- 
grained loose sand capped by surface soil.

Above the ore the overburden, including the bauxitic 
and kaolinitic clay beds at the base, ranges from 351 to 
487 feet in thickness.

GRUBBS-HAWKINS DEPOSIT

Plate 2

About a quarter of a mile southwest of the East 
Bauxite body is another large deposit which lies hi the 
NKSEX and SWtfNEtf sec. 36, T. 2 S., R. 14 W. It 
consists of two ore bodies separated by a narrow area of 
thin bauxite of high-silica content. The Hawkins ore 
body is on property formerly owned by Alva Hawkins 
and Hudspeth-Fletcher; and the Grubbs ore body 
north of it is on property formerly owned by Betty 
Grubbs, Marie Ledbetter, and Tinsley. The prop 
erties are now owned by the Alcoa Mining Co.

The Hawkins ore body was discovered early in the 
wildcat drilling program of the Federal project, de 
signed to explore the southeastern part of the Saline 
dome. Sixteen feet of bauxite was cored hi USBM 
drill hole 15-005, on September 23, 1943 (Malamphy 
and others, 1948, V. 17, p. 17, fig. 18). The Republic 
Mining and Manufacturing Co. drilled out the body in 
the spring and summer of 1944, and during the course 
of the drilling the Grubbs ore body wa,s discovered and 
delimited. Of 95 holes drilled on the properties, 65 
were in or near the ore bodies. These drill holes were 
spaced 200 to 300 feet apart on a rectangular grid.

The Grubbs-Hawkins deposit is part of a large 
blanket deposit of bauxite and kaolin that fills the 
mouth and sides of the subsurface valley beneath 
Brushy Creek. The ore bodies flank ridge spurs on the 
buried nepheline syenite (pi. 2) and fill minor valleys 
in these spurs. The Grubbs ore body lies entirely on 
nepheline syenite and extends downslope to the buried 
edge of the Wills Point formation, whereas the Hawkins

ore body extends beyond the lip of the Wills Point. 
The deposit is a colluvial accumulation (type 2).

The Hawkins body is about 1,700 by 1,100 feet, 
nearly crescent shaped and lenticular in cross section. 
The Grubbs ore body measures about 1,400 by J,000 
feet and is irregular in outline. The ore lying within 
the 8-foot isopachs in each body is separated by s, rel 
atively small ridge of nepheline syenite covered by a 
thin hardcap of high-silica bauxite.

The bauxite is of three main kinds (1) a lowermost 
reddish-tan mealy or clayey bauxite, somewhat frag- 
mental, sparsely pisolitic, and relatively high in iron 
(10 to 16 percent), overlain by (2) high-grade light-tan 
crumbly pisolitic bauxite containing closely packed, 
well formed, hard, and uniform pisolites, grading up 
ward into (3) hard tan to gray pisolitic bauxite, con 
taining large pebbles and angular fragments of bauxite. 
Most of the Hawkins ore body is capped by 5 to 10 feet 
of hard bauxite of the third kind, of which the top 6 
inches to 2 feet contains more than 20 percent silica. 
Very little hardcap is present in the Grubbs ore body.

The ore exceeds 30 feet in thickness in both bodies 
and averages about 14 feet. Underlying the bauxite 
along the axis of the Hawkins ore body is a channel of 
bauxite conglomerate cobbles and pebbles of dark- 
red pisolitic bauxite in a greenish-gray sideritic clay 
matrix.

Laterally the ore grades gradually into bauxitic and 
kaolinitic clay; vertically the transition zone occupies 
6 inches to 1 foot at the top, and 1 to 3 feet at the 
bottom of the bauxite.

The overburden consists of gray silty clay, brown 
carbonaceous clay and lignite of the Berger formation, 
overlain by brown sand and clay of the Saline forma 
tion, and tan sand of the Detonti sand. Overburden 
ranges from 325 to 405 feet on the Grubbs ore body, and 
from 375 to 450 feet 011 the Hawkins ore body.

LONG-BELL DEPOSIT

By Constantine N. Bozion 

Plate 2

A large deposit explored only by wildcat drill holes 
lies mostly in the S#NWtf sec. 1, T. 3 S., R. 14 W., 
about 5% miles southeast of Bauxite.

The area was first prospected by the Republic Min 
ing and Manufacturing Co. in the spring of 1943, when 
15 holes were drilled in sec. 1, the majority of which 
are in the northwest quarter. Bauxite was reported 
in only one hole. The Federal project drilled 12 toles 
in the section early in 1944 as part of a wildcat program 
to explore the south flank of the Saline nepheline 
syenite mass. These were spaced about 1,000 feet 
apart 011 a triangular pattern. Seven drill holes cored 
5 to 16 feet of bauxite. (Malamphy and others, 1948,
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v. 17, p. 3-16, fig. 117). The 4 southernmost holes 
all cored 5 feet or more of bauxite, but they were not 
offset to the south because of the depth and difficulty 
of drilling.

The Long-Bell deposit lies on clay of the Wills Point 
formation about 500 feet south of the buried edge of 
the Wills Point formation, on an eroded surface that 
clips about 100 feet in 1,000 to the south (pi. 2). The 
outlines of the body shown on the map include 5 wild 
cat holes that cored more than 8 feet of bauxite of 32 
or more percent available alumina. The outline is an 
approximation to show the possible extent of the de 
posit. As the drilling was widely spaced, nothing is 
known of the uniformity of the bauxite in thickness 
or in grade throughout the deposit, or whether more 
than one ore body is present.

The bauxite is light tannish gray to buff, and pisolitic. 
The pisolites are brown to black, hard near the top and 
soft near the bottom of the bauxite. They occupy 
from one-quarter to one-third of the volume of the 
rock and are in a matrix that is dense, hard, and high 
in silica in the top 1 to 3 feet, but softer and more 
porous below. Iron in the form of crystalline siderite 
fills the pore spaces and the total iron as Fe2O3 ranges 
from 8 to 15 percent in ore.

The ore overlies 13 to 25 feet of fragmental sideritic 
bauxitic and kaolinitic clay and is overlain by 3 to 5 
feet of gray kaolinitic clay. The deposit is covered 
by 475 to 585 feet of overburden, consisting of lignite, 
carbonaceous silty clay, and gray silty to sandy clay 
of the Berger formation; dark-brown silty carbonaceous 
clay and brown sand of the Saline formation and gray 
silty clay and tan to gray Detonti sand.

DETOWTI AREA

Many deposits, most of which are covered by a thick 
overburden of Wilcox sediments, lie southwest of the 
nepheline syenite outcrops, near Detonti, Saline County 
(fig. 60). Detonti is about 4 miles south of Bauxite, 
on the single-track freight line operated by the Mis 
souri Pacific Railroad between Bauxite and Sheridan. 
All-weather gravel roads link the area with Bauxite, 
Sheridan, and Sardis.

The country, which is flat to gently rolling, has a 
maximum relief of about 100 feet, from 300 to 400 
feet above sea level. Little Lost Creek, the principal 
continuously flowing stream, meanders southward 
along the east edge, whereas intermittent streams 
drain most of the area.

The buried bauxite deposits lie along the southwest 
edge of the Saline dome. A few of the small bodies in 
sees. 28 and 34, T. 2 S., R. 14 W., rest partly or entirely 
on slopes of nepheline syenite, but the others, includ 
ing all the large ones, lie wholly on the eroded surface

of the Wills Point formation. The buried edge of this 
formation on the nepheline syenite hillsides trends 
southeastward in a broad arc from the northwest cor 
ner of sec. 28 to the southeast corner of sec. 34, a dis 
tance of nearly 3 miles in which it drops about 200 feet 
because of the regional southeasterly dip. As can be 
seen in the subsurface map (pi. 2), the topography of 
the post-Midway erosion surface in this area is marked 
by southward-trending buried valleys and ridges. 
The ridges are broad and rolling and have a maximum 
relief of about 50 feet, to which is added the apparent 
relief due to the regional dip of the erosion surface. 
The large deposits lie on slopes that are downhill exten 
sions of the flanks of the Saline dome, but the ore bodies 
of the Crouch deposit lie on the ridges and in valleys 
cut in the Wills Point formation more than 4,000 feet 
from the nepheline syenite. The large deposits and 
most of the smaller ones are within colluviaJ accumu 
lations and are type 2 deposits, including ups] ope parts 
that rest on nepheline syenite. A few of the small 
ones filling valleys may have an alluvial origin. A 
small part of the bauxite in sees. 28 and 33 overlying 
colluvial deposits is interstratified with lignite and 
gray sandy clay according to logs of holes drilled in the 
NEKSWK sec/ 28, by the Alcoa Mining Co. This is 
evidently bauxite of alluvial deposition within the Ber 
ger formation (type 3). Whether or not any of it is 
minable is not known.

An extensive bed of conglomeratic bauxite lies on 
top of the lignite and gray clay of the Berger formation, 
and is overlain by dark-brown silty clay and brown sand 
of the Saline formation. This bed, which has been 
reported in many drill holes of the Federal project, is 
in the SWtf sec. 34, T. 2 S., R. 14 W. It consists of 
tan silty and sandy bauxitic clay 2 to 10 feet thick and is 
similar in the E% sec. 33 but locally thickens to 20 feet. 
The bed of conglomeratic bauxite occupies most of the 
W% sec. 28, and has been reported in many drill hole 
logs of the Alcoa Mining Co. In this sectior it ranges 
from a few feet to more than 30 feet in thickness, and 
is separated from underlying colluvial deports by an 
interval of lignite and gray silty clay of the Berger 
formation that ranges in thickness from less than 20 to 
more than 50 feet. Cores from this bed in many drill 
holes were analyzed, and some of the bauxite was found 
to be of ore grade. One Alcoa hole in the I^W^SWK 
sec. 28 was reported to contain 26 feet of bauxite from 
this bed. In the NE%SE% of the section, tl-e layer is 
reported to be about 18 feet thick. It is separated by 
about 40 feet of lignite and gray sandy clay of the 
Berger formation from the bauxite worked in the 
Young mine of the Crouch Mining Co. (pi. 1, no. 116). 
The conglomeratic bauxite was reported l^y L. M.
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Richards, superintendent of the mine (personal com 
munication, October 1948), to consist of cobbles of 
highgrade pisolitic bauxite in a gray clay matrix. He 
thought that it would be possible to mine the material 
and wash the silty kaolinitic matrix from the bauxite 
cobbles, leaving an ore of abrasive grade.

Bauxite in the colluvial (type 2) deposits of the area 
is reported to range from a few feet to 34 feet in thick 
ness and is overlain by lignite and gray silty to sandy 
clay of the Berger formation, and dark-brown car 
bonaceous silty clay and brown sand of the Saline 
formation.

At the south end of the area, near Detonti, black 
woody lignite and gray sandy clay of the Detonti sand 
overlies the Saline formation. The Detonti sand 
reaches a thickness of about 50 feet above the Detonti 
deposit, and the basal lignite of the formation ranges 
from 4 to 10 feet in thickness. The total thickness of 
overburden in the area ranges from about 150 feet at 
the north end to 500 feet in the southwest above part 
of the Detonti deposit.

Wildcat holes drilled by companies and by the 
Federal project cored several feet of bauxite; a few 
were of high grade in sees. 29 and 32, T. 2 S., R. 14 W., 
west of the deposits shown on the subsurface map 
(pi. 2). Apparently an extensive blanket of the bauxite- 
kaolin zone covers the gently-rolling buried hills and 
valleys of the post-Midway erosion surface. Most of 
the bauxite, however, is high in iron. Pockets of ore 
low in iron and silica and more than 7 feet thick are not 
common, and it is not known from available data 
whether any bodies exist that are large enough and of 
sufficiently high grade to mine.

Some ferruginous bauxite cored in sees. 29 and 32 
is brownish-red or brick red, with small black pisolites. 
Material of this description from an Alcoa drill hole 
in the NWKNWK sec. 29 had the following analysis:

Analysis of ferruginous bauxite from drill hole C-613, at depth
175-180.5 feet 

[Analysis by the Alcoa Mining Co., Bauxite, Ark.]

A1 203
Percent

33. 1
SiO2 _____________________________________________ 5. 8
Fe as FeaOa----__-___-_-------_-_-___----_-----_--_ 33. 2
TiOa---  ------     -------------------------_-- 2. 2
Ignition loss. ______________________________________ 25. 7
FeO_ --_--____-_____.--.____-_-._____-_____.____ 20. 0

The ferruginous bauxite was found to be magnetic 
by Louis Ball of the Alcoa Mining Co. Pieces of the 
core were strongly attracted to a magnet and could be 
rolled across a table top. Pisolites were in general 
much more strongly magnetic than the matrix. The 
bauxite was similar in appearance and in chemical 
analysis to that cored in the NE}£ sec. 9, in drill hole 
FHA-ll-S (pi. 38).

452763 58  17

WEST CARGILL DEPOSITS

By Forrest A. He wit t 

Plate 35

Bauxite ore in the West Cargill area lies in twc ore 
bodies, the principal parts of which are in the SW% 
sec. 34, T. 2 S., R. 14 W. The marginal parts extend 
into the SEtf sec, 33, T. 2 S., R. 14 W., the NWK sec, 
3, T. 3 S., R. 14 W., and the NEKNEtf sec, 4. The two 
ore bodies are on properties owned by the Ca.rgill 
Securities Co., the International Paper Co., Samuel 
Carson, James Carson, F. E. Huey and R. C. Young.

The bauxite was discovered during exploration on 
1,000-foot centers by the Federal drilling program in 
USBM drill hole 19-072 on March 31, 1944. This was 
re drilled as USBM drill hole 19-075 in which was 
recorded a thickness of 11.2 feet of commercial-grade 
ore. An additional 175 test holes were drilled sub 
sequently from May 1944 to April 1945 and all but 
the south end of the east ore body was delimited 
(Malamphy and others, 1948, v. 18, p. 3-66, fig. 121).

The two ore bodies and their relationship to the 
post-Midway erosion surface are shown on the sub 
surface map, plate 35. Cross sections through each 
ore body and selected columnar sections also appear 
on this plate. The ore bodies are about a quarter of a 
mile apart, separated by a low buried ridge of Midway 
age that trends southwestward. Both are irregulr.r in 
outline. The west ore body is about 2,400 feet long and 
600 feet wide, trends S. 42° W. and dips 3%° S. The 
east ore body is 1,800 feet long, as far as delimited, 
and 1,000 feet wide; it trends about S. 17° W. and its 
long axis is inclined 3%° S.

Each of the ore bodies lies along the slopes of a 
subsurface valley and partly fills the bottom of it. 
Both lie mostly over the Wills Point formation but 
extend upslope beyond its edge and lap onto weathered 
nepheliiie syenite. The upper part of the nepheline 
syenite has been altered to residual kaolinitic clay in 
most places. The clay contains scattered siderite 
pellets and pyrite cubes and aggregates. In several 
drill holes at the north end of the east ore body, the 
upper part of the nepheliiie syenite, above the kao 
linitic part, was bauxitic.

The deposits can be classified as type 2, and appar 
ently have formed mostly by the accumulation of 
bauxitic colluvium in stream valleys. They were 
enriched by a subsequent bauxitization, particularly 
along higher slopes. Most of the ore is pisolitic, but in 
places the basal part is fragmental.

The kaolinitic underclay is thick above subsurface 
ridges and thin in valleys. It is composed of gray and 
red mottled clay containing subrounded tan to white 
fragments, 1 to 4 millimeters across. In places lasal
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beds of clay debris show the texture of iiepheline syenite. 
Clay fragments are more abundant where the underclay 
is directly above nepheline syenite and they gradually 
decrease downslope above the Wills Point formation.

The lower part of the ore is soft and mealy, reddish 
tan with a greenish cast. It contains much siderite, 
commonly in rounded, very dark aggregates. This 
grades upward into rich tan mealy pisolitic bauxite, 
which generally is the highest grade ore in the deposits. 
Above this is a hard pisolitic bauxite made up of dark- 
browii to black spherical and concentrically banded 
pisolites. Many of these in the top of the deposit have 
kaolinitic interiors. The bauxite is overlain by light - 
tamiish-gray bauxitic clay, containing pisolites with 
soft semiliquid interiors. The pisolites range in size 
from 2 to 11 millimeters.

Hard siliceous cap rock was found in only one drill 
hole, hence bauxite of ore quality will probably have to 
be left as a roof during mining. Two beds of bauxite, 
separated by a highly bauxitic clay, were found at the 
south end of both bodies. The thickness of this bauxitic 
clay wedge varies considerably and reaches 5 feet in 
places. The two bauxite beds are not thick enough to 
be mined singly.

The overclay is light gray, massive, fragmental, and 
kaolinitic. It is not present everywhere, having been 
removed in places by channeling. The thickness 
reaches a maximum of 15 feet and averages about 4 
feet,

The Wilcox sediments above the east ore body have 
an aggregate thickness that ranges from 277 to 394 
feet and increases southward. Above the west ore 
body the thickness ranges from 319 to 419 feet. The 
sediments of the Berger formation above the overclay 
reach a thickness of 58 feet in places. These sediments 
consist mainly of gray and greenish-gray silty to sandy 
clay, but include as much as 20 feet of lignite and 
lignitic clay locally near the base. The chocolate- 
brown carbonaceous clay and brown sand of the Saline 
formation range from about 240 to 300 feet in thick 
ness. Layers of tan clay that appear bauxitic and hard 
sideritic siltstone are common throughout this forma 
tion and lignite lenses were cut in the lower part. The 
Detonti sand is absent in the northern part of the West 
Cargill area and reaches a thickness of 30 leet in the 
southern part. The base overlying the Saline forma 
tion is a light-gray sandy clay, usually mottled and 
stained red and yellow near the surface of the ground. 
Hard siliceous layers occur in the sandy parts of the 
formation. Locally terrace or stream gravel inter- 
bedded with sand and clay form the surface deposit.

DETONTI DEPOSIT

By William J. Powell 

Plate 36

A small irregular accumulation of bauxite on proper 
ties owned by the International Paper Co., J. H. 
Carson, and D. Y. Young is in the S^SEiSWtf sec. 33, 
T. 2 S., R. 14 W. and the N&NEtfNWtf sec. 4, T. 3 S., 
R. 14 W. in Saline County.

The deposit is 4% miles south of the town of Bauxite, 
about 7 miles by the all-weather county road that 
passes within 100 feet of it. The discovery hole, 
USBM 21-068, was drilled on May 8, 1944. Subse 
quently, 53 drill holes were sunk, most of which were 
spaced about 200 feet apart, and all but the northwest 
end of the ore was delimited. (Malamphy and others, 
1948, v. 18, p. 97-119, fig. 123.) The relatively small 
area covered by ore more than 8 feet thick makes it 
unlikely that this deposit will soon be mined under 
existing economic conditions.

The relation of this deposit to the post-Midway 
erosion surface is shown in plate 36. The bauxite has 
accumulated on the west slope of a southward-trending 
subsurface valley (type 2 deposit). Bauxitization is 
indicated in plates by increased thickness over small 
ridges. All the bauxite lies above sediments of the 
Wills Point formation. The dark-bluish-g"ay clay of 
this formation has a weathered zone at the top consisting 
of banded khaki-colored clay, red and gray clay, and 
light gray to white clay.

Between the weathered Wills Point sediments and 
the bauxitic rocks is an underclay, 0.5 to 18.0 feet thick, 
averaging 7.4 feet, This underclay is a gr?en to gray 
or tannish-gray fragmental sideritic kaolinitic clay with 
local kaolin fragments and dark mineral grains at the 
base. Red and gray mottled clay was found beneath 
the north and central parts of the deposit. Bauxitic 
clay beneath the ore ranges from 0.5 to 13.6 feet in 
thickness and averages 5 feet,

A large part of the bauxite and surrounding bauxitic 
clay is fragmental in texture, many of the fragments 
are composed of kaolinitic or bauxitic clay. In places 
the bauxite is pisolitic and adjacent to it the overlying 
bauxitic clay is pisolitic also. Pisolites in the more 
siliceous rock at the top of the deposit commonly have 
pasty or almost liquid interiors.

Bauxite of a grade better than 32 percent available 
alumina reaches a maximum thickness of 11 feet in 
USBM drill hole 15-207 in the northwest part of the 
deposit, Bauxite of a grade higher than 24 percent 
available alumina reaches a maximum thickness of 
22.7 feet. High-silica bauxite is abundant in the
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deposit. The silica content averages about 13 percent 
within the 5-foot isopach. It appears to be concen 
trated in the south-central part of the deposit and is 
highest in the f ragmen tal type of bauxite. Pellets 
of siderite are widely distributed through these rocks, 
and are most concentrated in the pisolitic bauxite. 
The FeO content averages about 4.5 percent in the 
ore.

The bauxitic clay above the ore ranges from 1 to 26.3 
feet in thickness and averages 14.4 feet. It is overlain 
by gray fragmental kaolinitic clay which in places 
contains scattered elongated lignite fragments. The 
thickness of the overclay reaches a maximum of 16 
feet.

The overburden, including the bauxitic and kaolinitio 
clay mentioned in the preceding paragraph, ranges in 
thickness from 417 to 513 feet and averages about 462 
feet. It is made up of beds of the Berger and Saline 
formations and the Detonti sand.

BUTTON DEPOSIT

By Horace W. Me Gee 

Plate 37

This deposit lies mostly in the W^NEX sec. 33, T. 2 
S., R. 14 W., about 4 miles south of the town of Bauxite. 
An all-weather gravel road and a branch of the Missouri 
Pacific Railroad pass the locality.

As far as is known the NE}{ of the section had not 
been drilled by mining companies. The ore body was 
discovered during a wildcat program of the Federal 
project to explore the southwest flank of the Saline 
nepheline syenite hill. In April 1944, 12.6 feet of 
bauxite was cored in USBM drill hole 13-162C. Later 
the deposit was explored by drilling 64 holes spaced 
about 200 feet apart. It was not completely delimited 
either at the north or south end when drilling was 
stopped at the close of the project (Malamphy and 
others, 1948, v. 18, p. 67-96, fig. 122).

The deposit is a colluvial accumulation of pisolitic 
bauxite within the bauxite-kaolin facies of the Berger 
formation (type 2). It overlies the eroded and 
weathered surface of the Wills Point formation near 
the buried edge of the Wills Point on nepheline syenite, 
as can be seen in the subsurface map of the deposit 
and the accompanying cross sections (pi. 37). The 
post-Midway erosion surface dips to the southwest 
about 100 feet in 1,000, and is cut by minor southwest- 
ward-trending drainage channels that are filled with 
kaolinitic clay and bauxitic clay that underlies the 
bauxite.

Nearly all the bauxite is pisolitic, grayish tan, and 
farirly firm. The top of the bauxite bed is hard and 
brittle; the lower part is softer, porous, friable, and near 
the bottom is clayey. Pisolites are mostly 3 to 6

millimeters in diameter, and are round. They are fairly 
uniform, soft to firm, and gray to brown. Hard black 
banded pisolites are present in the upper part of the 
bauxite bed, but they are not dominant. Pisolites 
make up 30 to 50 percent of the volume of the ore, 
are closely packed, but do not touch one another. 
They are best formed and most abundant in the upper 
half of the bed. Small pebbles of bauxite, and kaolin 
itic clay are scattered throughout the deposit, especially 
near the base, but without stratification or layering.

Practically all the bauxite contains siderite which is 
more abundant in the lower than in the upper part 
of the ore. Total iron analyzed as Fe2O3 ranges 
from about 5 to 20 percent, and probably averages more 
than 10 percent for the ore body.

The bauxite, a few feet to 33 feet thick, is underlain by 
a thin layer of high-silica bauxite and fragmental 
bauxitic clay, grading downward into kaolinitic clay 
that ranges from a few feet to 15 feet in thickness. It 
is overlain by 5 to 45 feet of high-silica bauxite and 
bauxitic clay, and by 5 to 15 feet of kaolinitic clay 
containing one or two thin carbonaceous beds. In the 
southwest, downslope part of the ore body, two beds of 
bauxite are separated by a wedge of kaolinitic and 
bauxitic clay, as can be seen in cross section B-B' 
(pi. 37). The clay separating the bauxite beds is 
similar in appearance to the bauxite above and below, 
but is more fragmental. It is possible that the upper 
bed is a type 3 deposit, but it is not stratified and shows 
no other evidence of alluvial deposition, and drilling 
information downslope is insufficient to reveal whether 
the bauxitic clay layer merges with lignite and silty 
clay of the Berger formation.

The bauxite-kaolin facies is overlain by beds of 
Berger and Saline age. The Berger formation ranges 
in thickness from 10 to 80 feet, and consists of thin 
lignite beds that locally attain a thickness of 20 feet; 
carbonaceous clay and gray silty to sandy clay. It is 
overlain unconformably by 147 to 334 feet of dark 
chocolate-brown silty clay and brown sand of the Saline 
formation. The base of this unit is a light-gray to tan, 
silty to sandy bauxitic clay or bauxite gravel that is 
about 2 feet thick over most of the deposit, but reaches 
a maximum thickness of 20 feet.

The total thickness of the overburden, down to the 
top of the ore, ranges from 278 to 406 feet.

CROUCH DEPOSIT

Plate 2

Four ore bodies are included in this deposit, in the 
SEtfSEtf sec. 29, the E)£NEtf sec. 32, and the NWtfNWtf 
sec. 33, T. 2 S., R. 14 W. They lie along the east side 
and at the head of a southward-trending buried valley 
cut in the surface of the Wills Point formation, as can
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be seen on the subsurface map (pi. 2), as much as a 
mile from the edge of the Wills Point on nepheline 
syenite. The deposit is an extensive blanket of bauxite 
and associated kaolin in which occur the four lenticular 
ore bodies that consist of bauxite more than 8 feet thick. 
The bauxite reaches a maximum thickness in the north 
west ore body, in the SE%SE% sec. 29, where it is more 
than 25 feet thick in USBM drill hole 19-023B 
(Malamphy and others, 1948, v. 17, p. 29-30, fig. 118). 
These holes were drilled as part of a wildcat program of 
the Federal project to test the Detonti area. Closer 
drilling with holes spaced from 200 to 400 feet apart was 
done by the Republic Mining and Manufacturing Co.

The bauxite in the ore bodies is pisolitic, hard at 
the top, softer and more clayey near the base. Locally 
it is low in silica, but in all the ore bodies it is moderately 
high in iron. The lower half of the bauxite is sideritic, 
and the total iron reported as Fe2O3 generally ranges 
from 10 to 20 percent. The base of the bauxite in 
several company drill cores was a mottled red and tan 
firm sideritic clay similar to that in USBM drill hole 
19-023B (Malamphy and others, 1948, v. 17, p. 39), 
which contained 46.1 percent of alumina, 5.3 percent of 
silica, and 18.6 percent of iron.

The deposit is covered by 3 to 6 feet of high-silica 
bauxite, bauxitic clay, and kaolinitic clay, and this is 
overlain by 300 to 350 feet of lignite, gray silty clay 
and gray sand of the Berger formation, and dark-brown 
carbonaceous silty clay and brown sand of Saline age.

YOUNG DEPOSIT

Plate 2

A group of ore bodies form a large deposit in the W}£ 
and NWJiSEJi sec. 28, T. 2 S., R. 14 W., at the north 
end of the Detonti area. One of these bodies has been 
worked in the Young mine of the Crouch Co. (pi. 1, 
no. 116) in the NEjiSWJi of the section. All the ore 
bodies are connected by high-silica bauxite, bauxitic 
clay, and kaolinitic clay that forms a large blanket 
over much of sec. 28. This deposit probably is joined 
to the west end of the Neilson deposit, in the east part 
of sec. 28, by bauxitic and kaolinitic clay and possibly 
by less than 5 feet of bauxite. The relation of the 
deposit to the post-Midway erosional surface on which 
it rests may be seen in the subsurface map (pi. 2). 
The extensive blanket of bauxite and clay lies on the 
southwest flank of the Saline nepheline syenite mass, 
and extends onto the eroded top of the Wills Point 
formation that slopes to the southwest. It is prin 
cipally a type 2 deposit. The small ore bodies of the 
deposit lie well out on the Wills Point surface, or over 
the buried contact of the Wills Point and nepheline 
syenite; one is upslope on nepheline syenite. The 
largest and thickest ore body in the NKSW% and

% sec. 28, overlies clay of the Wills Point forma 
tion a short distance downhill from its edge on the 
nepheline syenite. The southwest, downslope edge of 
this ore body is apparently limited by a low hill on the 
post-Midway surface in the SWXSW% of the section. 
The ore either thins or decreases in grade near the base 
of the slope.

The bauxite in the deposit is for the most part creamy 
tan, hard near the top but crumbly below, and pisolitic. 
The pisolites are well formed, hard, closely packed and 
have subvitreous, dark reddish-brown to gray interiors. 
This type of ore grades down into rusty-tan nonpiso- 
litic, crumbly sideritic bauxite. The bauxite overlies 
bauxitic to kaolinitic clay 10 to 30 feet thick above the 
weathered Wills Point sediments. It is overlain by 
high-silica bauxite, and by bauxitic to kaolinitic clay 
that is thin above most of the deposit. Much carbo 
naceous material is found at the top of the deposit, and 
a 10-foot lignite log was recovered from the upper part 
of the bauxite in the Young mine (fig. 63).

FIGUBE 63. Part of a 10-foot lignite log found near the top of pisolitic bauxite in the 
Young mine, Saline County. Soft lignite core has crumbled away. Harder outer 
part, reinforced with crystalline siderite and surrounded by tan pisolitic bauxite 
is shown.

The bauxitic clay is overlain by well-indurated lignite 
and gray silty to sandy clay of the Berger formation 
ranging from 15 to 50 feet in thickness. A conglom 
eratic bauxite layer a few feet to 30 feet thick lies 
uncor-formably on top of the Berger. This is the basal 
bed of Saline age described in the previous section, 
covered by 150 to 230 feet of thinly bedded dark-brown 
carbonaceous silty clay and fine to coarse tan sand of 
the Saline formation. The total thickness of the beds 
overlying the deposit ranges from about 150 to 300 feet.
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The bed of conglomeratic bauxite (type 4) at the 
base of the Saline formation was cored in many com 
pany drill holes. It covers a significant part of sec. 28, 
and may be a source of ore, therefore a typical drilling 
log is reproduced here. The interval 0-175 feet 
revised from the driller's log of the overburden.

is

Feet

- 35
- 75

- 95
-115

-175

-187

-196

-198

Alcoa Mining Co. drill hole K-107 NW}iSE}{ sec. 28, T. 2 8., R.
14 w.

Description 
Saline formation:

Clay, sandy, red, yellow, piiik______________ 0
Clay, sandy, browii_______________________ 35
Clay, sandy, brown; some sideritic indura 

tions __________________________________ 75
Clay, sandy, brown_______________________ 95
Clay, sandy, brown; lignite fragments and 

thinly interbedded lignite layers __________ 115
Clay, gray to brown, silty and plastic to 11011- 

silty, iionplastic, kaolinitic_______________ 175
Cored interval, from 187 to 285 feet, logged 

by W. E. Benson_______________________
Bauxite, conglomeratic. Fragments and piso 

lites, red-brown to orange, and pisolitic 
boulders of bauxite in a matrix of bauxitic 
clay, tannish-gray, hard__ _______________ 187

Bauxitic clay, pisolitic, fragmental. Pisolites
yellow and tan; matrix light tannish-gray_ _ 198 

Berger formation:
Clay, light gray to bluish-gray, plastic to noii- 

plastic; slightly silty to nonsilty; small sid 
eritic pellets in lower part ________________ 198

Lignite, lignitic clay, and clay, carbonaceous, 
gray, iiiterbedded. Beds less than 0.5 feet 
thick___________.______________________ 215. 5-222

Clay, gray, kaolinitic; not silty, slightly plastic. 
Sparsely fragmental with small fragments 
and pisolites of bauxite__________________

Clay, medium- to light-gray, fragmental, kao- 
liiiitic. Thin beds of lignite and lignitic 
clay at 229.5-230.5; 244-245; 251-252_____

Clay, gray, fragmental, kaolinitic, to clay, 
gray, fragmental, bauxitic________________

Bauxitic clay, pisolitic, light gray, grading to 
bauxite. Pisolites are gray ______________

Bauxite, pisolitic; gray and tan pisolites in an 
orange-brown matrix, sideritic____________

Bauxite, fragmental, tan and orange________
Clay, gray, nonsilty, bauxitic to kaolinitic,

some red mottling._____________________ 273 -277
Clay, kaolinitic, sideritic, fragmental, bluish- 

gray. Large white kaolinitic clay frag- 
ments____________________________.____ 277 -285

End hole at 285 feet.

Chemical analyses of the core are not available, but 
the interval 190-193 feet, in the conglomeratic bauxite, 
was reported to contain more than 40 percent available 
alumina, while in the lower bauxite unit, 5 feet averaged 
more than 40 percent and 9 feet averaged more than 32 
percent available alumina.

The sediments of the Berger formation are relatively

free of silt and lignitic beds in this hole, located near the 
iiepheline syenite slopes in the center of the NW^SE^ 
of the section. In holes drilled to the west of this, the 
lignite was more thickly bedded, and the gray clay was 
sandy, containing much quartz as well as feldspar. 
The Berger becomes progressively sandier to the west, 
away from the Saline dome. The basal conglomeratic 
bauxite of the Saline formation also becomes sandy 
away from the Saline dome.

Section 28 shaft mine (pi. 1, no. 117}. Production 
from this mine of the Alcoa Mining Co. in the NWJ£SW}£ 
sec. 28 was reported for 1943 and 1944 in "Minerals 
Yearbook" under the name "Young mine." No 
quantity of ore was produced after the main drifts were 
driven. The mine has a 300-foot rotary-drilled shaft 
above which is an enclosed headframe with a movable 
belt conveyer to a semicircular stockpile around the 
shaft. The method of drilling and lining the shaft 
has been described by MacPherson (1945, p. 11) and a 
photograph of the headframe was reproduced by 
Malamphy and others (1948, v. 1, fig. IE). Bauxite 
in the mining area ranges from about 8 to 23 feet in 
thickness, and it is covered by 265 to 300 feet of over 
burden. In 1948 the mine was not in operation, but 
it was kept open and dry.

Young shaft mine (pi. 1, no. 116}. This mine of the 
Crouch Mining Co. in the NEJiSWJ. sec. 28 is the 
deepest in the region. Its shaft was the first tc be 
drilled with a rotary drill. A special reaming bit more 
than 7 feet in diameter was used after a 16-inch pilot 
hole had been drilled. The methods used in drilling 
and lining the shaft are discussed by MacPherson 
(1945, p. 11).

The mine was developed and a calcining plant built 
during 1941. It was worked mostly for abrasive ore 
and was still producing when visited by the writers 
in October 1948.

The bauxite in the mined area ranges from about 8 
to 18 feet in thickness, and is covered by about 260 
to 300 feet of overburden.

NEIISON AREA 

NEILSON DEPOSIT

Plate 2

This mining area, second to the Davis area in size 
and productivity, lies mostly in sec. 27 and the W}£ 
sec. 26, and extends into the E)_ of sec. 28, T. 2 S., 
R. 14 W. (fig. 60). It is named for the extensive JSTeilson 
underground mine area of the Alcoa Mining Co.

All the mines in the area exploit a single deposit of 
bauxite in a major embayment bounded by outcropping 
nepheline syenite, in sees. 22 and 23 on the north, 
sec. 26 on the east, and sec. 34 on the south (pi. 1).
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The embayment forms the principal buried post- 
Midway drainage system of the southwest quadrant of 
the Saline nepheline syenite dome, as can be seen 011 the 
subsurface map (pi. 2). The main valley, that heads 
near the center of the north line of sec. 26 and trends 
southwestward into sec. 28, is here called the Neilson 
valley. Many tributary valleys from the northwest 
and southeast separate spurs of nepheline syenite that 
abut the main valley.

Bauxite covers much of the embayment. It is of 
highest grade on the sides and ends of the spurs, thins 
or is cut out in the line of outcrop near their crests; 
and drops markedly in grade in the tributary valleys. 
The main valley is filled with an accumulation of 
bauxite and bauxitic clay mostly of low grade but 
containing areas of high-grade ore. The thickness of 
the ore ranges from a few feet to 60 feet in the Globe 
mine (pi. 1, no. 103). The deposit is covered by over 
burden, thin near outcrops, and reaches a maximum of 
204 feet in thickness in the NE}£ sec. 27. It consists 
of laminated dark-brown carbonaceous silty clay and 
brown sand of the Saline formation, including some 
bedded clayey lignite overlying the bauxite, and thin- 
bedded clay and Detonti sand.

Bauxite on the higher slopes of the area consists 
principally of granitic-textured ore overlain by piso- 
litic or rubbly concretionary bauxite. The whole 
deposit is largely residual (type I), with a thick down- 
slope accumulation of conglomeratic bauxite (type 4) 
in the valley floor. Whether any appreciable deposits 
of alluvial (type 4) ore have been mined here is not 
known. 
There e.re 13 mines in the area, as follows:

West Maud (pi. 1, 110. 109) _____________
West Maud Extension (pi. 1, 110. 110)____
Middle Maud (pi. 1, 110. 108)____________

}.[ sec. 27 
4 sec. 27 
4 sec. 27 

East Maud (pi. 1, no. 107)_______________ NEHNE li sec. 27
Neilson (pi. 1, no. 100)__________________ SWHSWU sec. 23
East Neilson (pi. 1, no. 99) ______________ SE^SW1 ^ sec. 23
Section 26 (pi. 1, nos. 101, 102)___________ SW^NWH sec. 26
Globe (pi. 1, no. 103)__________________ NW^SW^ sec. 26
Bertha (pi. 1, nos. 104, 105)___________ NW^SW^ sec. 26
Bertha Extension (pi. 1, no. 108)_________ N^SE^ sec. 27
Southern Acid and Sulphur Co. shaft (pi. 1,

110. 111)_____ ____________________ NW^SW^ sec. 27
Ozark 28 (north and south shafts) (pi. 1, nos.

112, 113)_________________-___________ NE^SE,1! sec. 28
Globe 28 (east and west shafts) (pi. 1, nos.

114, 115)____-_____ ______________ SE^NE 1 ! sec. 28

The Globe, Globe 28, and Orark 28 mines were mined 
by the American Cyaiiamid and Chemical Corp.; 
the rest, except for the Southern Acid and Sulphur 
Co. mine, are owned by the Alcoa Mining Co. All 
the Alcoa Mining Co. mines started as open pits. In-

clines driven from the East Maud, Neilson, and Sec 
tion 26 mines merged to form the Neilson underground 
milling area. The Bertha mine also was extended 
underground, but was not connected with the Neilson.

The slopes of the bauxite-covered hills are steep   
as much as 20° in the Maud and Section 26 mines, and 
locally as much as 42°.

The history of individual mines of the area is for 
the most part hard to trace, as production hr,s generally 
been reported by companies rather than by individual 
mines, in U. S. Geological Survey "Mineral Resources" 
and the U. S. Bureau of Mines, "Minerals Yearbook."

Hayes (1901, pi. 61) located the site of a pit 011 the 
north line of sec. 27, on the bauxite outcrop in the 
present East Maud mine, but 110 description of the 
mine is available.

The open pits of the East Maud, Middle Maud, 
and the Globe mines, the earliest in the Neilson area, 
were in operation before 1910.

The Maud group and Section 26 mines were in opera 
tion in the twenties and are shown on the map of 
Stearns (1930, pi. 1). By 1938, as can be seen from 
aerial photographs taken at that time, all the mines 
listed above were open except for Bertha Extension. 
In 1941-42 the West Maud Extension wa? enlarged, 
and the Bertha Extension was stripped. Production 
was reported from all the Alcoa Mining Co. mines 
until 1945. After the war, underground milling was 
done through the Section 26 incline until the fall of 
1948, when the mine was abandoned because of a long- 
contiiiued fire in lignite overlying the bauxite. Most 
of the Bertha Extension and much of the West Maud 
Extension have not been mined.

Maud group open-pit mines (pi. 1, nos. 107, 108, 109, 
110). The East, Middle, and West Maud mines are 
each a nearly crescent-shaped cut around the end of a 
nepheline syenite spur. Mining operation^1 began at 
bauxite outcrops and were continued down slopes as 
great as 20° until the overburden exceeded 50 to 75 
feet, after which inclines were driven to connect with 
the Neilson underground workings. Much residual 
bauxite is present in outcrops at the top of the mines. 
Some of this preserves an excellent granitic texture, 
but is high in silica because cavities are filled with a 
brittle, cherty-appearing clay mineral, probably kao- 
liiiite. Residual boulders of nepheline syenite are 
common in these mines.

Section 26 mine (open-pit and incline') (pi. 1, nos. 
101, 102).  As can be seen in plate 2, the ancient 
weathered surface of the nepheline syenite slopes steeply 
at this mine. The inclined shaft slopes 20° for 300 
feet, and locally the bauxite surface slopes as much as 
42° near the line between the SW%NW% aiic1 the NW%-
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SWK sec. 26, which forms the boundary between this 
and the Globe mine. An Alcoa Mining Co. drill hole 
at the top of this steep slope cut through 58 feet of 
bauxite that averaged about 50 percent available 
alumina, and the hole ended in ore. Residual boulders 
are common in this mine. One of the best-exposed is 
shown in the photograph on plate WD, and another 
boulder close to it was studied by Goldman (1949) 
and is discussed in the section on residual (type 1) 
deposits on pages 116, 117 of this report. Other large 
boulders underground were 12 to 14 feet in diameter. 
The incline to the underground workings has exposed 
more clearly than in any other mine the division of a 
residual deposit (type 1) into a zone of leaching and a 
zone of concretion. Graiiitic-textured bauxite is ex 
posed along the walls of the 20° slope, overlain by piso- 
litic and rubbly concretionary ore.

Globe open-pit mine (pi. 1, no. 103). This mine in 
the NW^SWK sec. 26, T. 2 S., R. 14 W., one of the 
oldest mines in the Neilson area, was opened probably 
before 1910 and was mined for some time by the Globe 
Bauxite Co. Production was reported through 1927. 
It was acquired in 1927 by the Superior Bauxite Co., 
was mined in 1930-31 by the Kalbfleisch Corp., and 
later was worked from time to time until the middle of 
1944 by the American Cyaiiamid and Chemical Corp. 
Bramlette (1936) called this the Old Calumet pit- 
Cash (1929, fig. 113) published a photograph of the pit 
face showing a 60-foot wall of granitic-textured bauxite, 
the thickest known occurrence of residual ore.

Southern Acid and Sulphur Co. shaft mine (pi. 1, no. 
111).  This shaft, located in the NW^SWK sec. 27, 
T. 2 S., R. 14 W., is shown on the map of Stearns (1930, 
pi. 1), but no record is available of any production from 
the mine.

Ozark 28 (north and south shafts) (pi. 1, nos. 112, 
113).  This mine in the NE%SE}^ sec. 28 was opened 
in 1937, by the American Cyanamid and Chemical 
Corp. It was abandoned late in 1943. Waste 
bauxite scattered near the shafts is largely pisolitic 
(birdseye) ore, with large black pisolites in a hard red 
matrix, or less commonly in a gray cherty-appearing 
matrix. Vermicular bauxite fragments can also be 
recognized. The ore mined was apparently from the 
concretionary zone of a residual (type 1) deposit.

Globe 28 (east and west shafts) (pi. 1, nos. 114, 115).  
These two shafts in the SE%NE% sec. 28 were opened 
about 1941 by the American Cyaiiamid and Chemical 
Corp., and production continued until the middle of 
1944. The bauxite is of the same type as that in the 
Ozark 28, discussed above.

Bertha Extension open-pit mine (pi. 1, no. 106).  
This is one of the largest and deepest pits in the region

in the NW^SEtf sec. 27, T. 2 S., R. 14 W. The over 
burden ranged from 35 to 120 feet before stripping. 
The ore was deposited on a broad knoll, or gently 
sloping spur of the nepheline syenite, as can be seen 
from the subsurface map (pi. 2). The ore range? in 
thickness from 6 to 34 feet. Production from this mine 
was reported in "Minerals Yearbook" in 1943 and 
1944, but little if any of the bauxite had been mined up 
to October 1948, when the pit was visited by the writers.

BAUXITE-WOODIAND AREA

A group of deposits and mines extends from the 
town of Bauxite to the community of Woodland, a 
wartime government-housing project in sec. 21, T. 2 S., 
R. 14 W. The deposits occupy the SE^sec. 9, most of, 
sees. 16 and 21, and the eastern part of sees. 17 and 20 
(fig. 60).

Residual (type 1) deposits flank ridges and cover low 
saddles of nepheline syenite; colluvial (type 2) deposits 
lie on the eroded surface of the Wills Point formation 
along the west side of the Saline dome (pi. 2).

Outcropping bauxite and nepheline syenite on the 
east side of sees. 16 and 21 separate the deposits of this 
area from those of the Davis area to the east. To the 
north and west the occurrence of bauxite in the Bauxite- 
Woodland area is limited by an early Eocene valley 
on the surface of the Wills Point formation, peripheral 
to the nepheline syenite dome and about half a nile 
from the buried edge of the Wills Point formation. 
Deposits lie along the east side of the valley in sees. 9, 
17, and 20; the bottom and west side of the valley are 
relatively barren.

Deposits on nepheline syenite (type 1) are covered 
by overburden of the Saline formation, thin near 
outcrops, but reaching a maximum thickness of more 
than 125 feet over a part of the Section 16 mine. 
Colluvial (type 2) deposits are covered by overburden 
ranging from 30 feet in sec. 9 to 130 feet in sec. 20. 
The Holly Creek deposit in sec. 20 is covered by gray 
clay and lignite of the Berger formation, 30 to 40 feet 
thick at the south end of the deposit but thinning 
upslope and to the north. In sec. 17, a thin edge of 
the Berger formation covers much of the Pocdle 
deposit, and is represented in the Poodle mine, in the 
NW%NW% sec. 16, by a thin lignite bed overlying gray 
kaolinitic clay in the lowest part of the mine. The 
Berger is not present in the Stuckey or Ramsey mines 
to the northeast.

Bauxite in the residual deposits on nepheline syenite 
reaches a maximum thickness of about 30 feet in the 
Pruden mine. In the colluvial deposits it ranges in 
thickness from a few feet to a maximum of 48 feet in 
sec. 20, recorded in a drill hole of the Alcoa Mining Co.
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A list of the 13 mines of the area and their locations 
follows:

Mine Location
Spring Hill (pi. 1, no. 119)_______ NW#NWJ£ sec. 21
Smith (pi. 1, no. 118)_______-_._ NW^NE^ and NE.^NWM

	see. 21 
Section 16 (pi. 1, no. 120)________ SE^SWM sec. 16
Lone 7th (pi. 1, no. 121)_________ NW&SEJi sec. 16
Pruden (pi. 1, no. 122)__________ Center sec. 16
Pruden Extension (pi. 1, no. 123)__ SWJ1NWJ. sec. 16
Poodle (pi. 1, no. 126)___________ NWJ1NWJ. sec. 16
Section 17 (pi. 1, no. 124)________ SEHNE& sec. 17
Standard (pi. 1, no. 125)_________ NEJ4NEJ4 sec. 17
Anme_-_______________________ NW%NEJ4 sec. 16
Tank__________________________ NE^NE^ sec. 16
Stuckey (pi. 1, no. 127)__________ NWJSSEJ4 see. 9
Eamsey (pi. 1, no. 128)__________ SJ.SHSEKNEJ4 sec. 9

The Ramsey was opened by the Arkansas Bauxite 
Stripping Co., the Stuckey by the Reynolds Mining 
Corp., and the Standard by the Arkansas Bauxite 
Corp. All others are owned by the Alcoa Mining Co.

Much of the earliest mining of the region was done 
in this area. Hayes (1901, pi. 61) published the 
location of three pits, probably operated by the Illinois 
Chemical Co., on outcrops of the present Pruden mine, 
and one pit of the Pittsburgh Reduction Co. near the 
old Tank mine.

Production from the Tank mine is reported in U. S. 
Geological Survey "Mineral Resources" in 1911, and 
the irregular floor of a mined out part of this pit was 
photographed by Mead (1915, pi. 3). The sites of this 
and the nearby Annie mine are now covered by mills 
and buildings of the Alcoa Mining Co. The large area 
now called the Pruden mine has been worked almost 
continuously since 1898.

During 1934 the Smith, Pruden, and a part of the 
Tank mine were operated by the Republic Mining and 
Manufacturing Co., and the shaft of the Standard 
mine was completed by the Arkansas Bauxite Corp., 
formed to mine bauxite for quick-hardening cement. 
These mines are listed as active on Bramlette's map 
(1936, pi. 9). Aerial photographs taken in 1938 show 
that the Smith, Spring Hill, Pruden, and several smaller 
mines in the town of Bauxite were working or had been 
abandoned. From 1941 to 1943 large surfaces of bauxite 
were cleared in the Section 16, Pruden and Pruden 
Extension, Poodle and Lone 7th mines, and the Section 
17 mine was partly stripped. The Stuckey and the 
Ramsey mines were opened in this period. Since the 
war only the Section 16 mine and infrequently the 
Pruden have been worked.

HOLLY CHEEK DEPOSIT

Plate 2

This large body of ore in the SE^ sec. 17 and the 
E^E^ sec. 20 was explored by the Alcoa Mining Co.

who drilled a large number of holes spaced about 200 
feet apart in a rectangular pattern.

The bauxite overlies the Wills Point formation near 
its buried edge on nepheline syenite and extends along 
the eastern slope of a valley peripheral to the Saline 
dome. Locally the deposit overlaps nepheline syenite.

The bauxite ranges in thickness from a few feet to 
more than 48 feet that averaged more than 53 percent 
available alumina, as recorded from one drill hole that 
bottomed in good ore.

The bauxite overlies and is overlain by b^uxitic and 
kaolinitic clay, but nothing is known of the regularity 
of these beds. Overburden consists of lignite and gray 
silty clay of the Berger formation and dark-brown silty 
to sandy clay and sand of the Saline formation, and 
ranges from 30 to 130 feet in thickness.

SECTION 16 DEPOSIT

Plate 2

Section 16 open-pit mine (pi. 1, no. 120). This mine 
is a long opencut that extends from the SE%SW% sec. 
16 into the NKNJ£NW# sec. 21 and exposes a steeply 
sloping surface for more than half a mile along a nephe 
line syenite hillside. The top of this slope was covered 
by a few feet of Wilcox sediments before stripping, but 
the foot of the stripped slope abuts a wall of sand and 
clay more than 125 feet high. A stripped but unmined 
slope of bauxite at the east end of the mine is shown in 
figure 355. A large residual boulder of kaolinized 
nepheline syenite is exposed on the surface cf trie baux 
ite.

The ore is granitic-textured bauxite, well exposed 
along the top of the slope and in mine cuts, overlain 
by concretionary pisolitic bauxite in which persist 
large subangular to rounded blocks of gramtvc-textured, 
birdseye pisolitic, and vermicular bauxite. The mine 
is a good example of a residual (type 1) deposit. The 
thickness of the ore ranges from a few feet to about 30 
feet. This is the only mine in the Bauxite-Woodland 
area that was active at the end of 1948.

PRUDEN DEPOSIT

Plate 2

Pruden open-pit mine (pi. 1, nos. 122, 123; figs. 37, 
38). This mine, together with the Pruden Extension, 
forms one of the larger stripped areas of the district. 
It lies mostly in the NE^SWtf and SEtfNWtf sec. 16, 
and the Pruden Extension continues in the SW%NW% 
to the west line of sec. 16. Mining began before 1900, 
probably by the Illinois Chemical Co., in three small 
pits located on outcrops of the present mined area.

The bauxite surrounds a small hill of nepheline sye 
nite west of the center of the section. East of this hill 
the ore covers a saddle and to the north it f Us a valley
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in the nepheline syenite. The bauxite ranges from a 
few feet to 30 feet in thickness, and before strip mining 
began it was covered by overburden generally less than 
15 but in places 25 to 40 feet thick.

In the S&SE&NW& sec. 16, at the north end of the 
mine, a lobe of bauxite covers the south end of a spur 
of nepheline syenite. In 1944-45 a road cut through 
the middle of the lobe exposed a vertical sectio n of the 
deposit from the outcropping nepheline syenit e at the 
top of the hill, to the toe of the slope. The relations 
of the several types of bauxite in a residual dep osit, both 
in vertical section and oil the steep cleaned s t/ rface were 
so well shown that this part of the Pruden pit (called 
the "Schoolhouse mine 1 ') has been selected as repre 
sentative of residual (type 1) deposits. Suites of 
specimens were collected by Goldman, and the deposit 
was mapped by Tracey and Jenke. After much of the 
bauxite was mined, the exposure was again studied.

A generalized map, and cross sections are reproduced 
(figs. 37 and 38) and the types of rock are discussed in 
more detail in the section 011 deposits of type 1.

The bauxite is granitic textured in the zone of leach 
ing, overlain by pisolitic (birdseye bauxite) and vermicu 
lar ore in the zone of concretion. The surface is rubbly 
in appearance; upslope because of concretionary action, 
but near the base of the slope because of downhill move 
ment with some admixture of silty clay. The zone of 
leaching is best developed on the steep end of the spur 
where more than 20 feet of "granitic" bauxite is exposed 
at the very crest of the 20° slope (fig. 18). Large residual 
boulders of nepheline syenite, fresh or kaoliiiized are 
concentrated at this place. Clay veins and "horses" 
cut through the bauxite, and isolate some large blocks 
of residual bauxite.

At the west end of the exposure is a bed of conglom 
eratic bauxite (type 4) about 4 feet thick, overlying 
carbonaceous, silty kaolinitic clay of Saline that wedges 
out against the bauxite surface.

At the south end of the Pruden mine an unusual 
bauxite outcrop stands as a 20-foot ledge alongside a 
small stream. The lower part of the bauxite is granitic 
textured, the upper part is pisolitic and concretionary. 
At the base of the outcrop and across the stream, a gentle 
slope of nepheline syenite is exposed. The relation of 
bauxite directly above well-exposed nepheline syenite is 
rarely seen in outcrop.

The Pruden pit has been mined sporadically since the 
war. Only small parts of the Pruden Extension have 
been mined as much of the ore is high in silica and iron.

POODLE DEPOSIT

Plate 2

This large deposit, on which are located the Poodle, 
Section 17 open pit, and the Standard shaft mines, is in
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the EJiNEK sec. 17 and the NW^NW^ sec. 16, T. 2 S.' 
R. 14 W. It lies on the post-Midway erosion surface 
of the Wills Point formation, and extends downhill from 
the Midway and nepheline syenite contact nearly to 
the bottom of the buried valley peripheral to the Spline 
dome. A small part of the deposit overlaps the 
nepheline syenite, and merges upslope with bauxite in 
the Prudeii Extension mine (pi. 2).

The deposit is a typical colluvial (type 2) accumula 
tion. Bauxite in the deposit ranges in thickness from 8 to 
28 feet, but 54 feet of high-silica bauxite and bauxitic clay 
was reported from one drill hole. Overburden ranges 
from. 40 to 80 feet in thickness, and consists of minor 
lignite and gray clay of the Berger formation overlain 
by dark-brown carbonaceous silty laminated clay and 
tan sand of the Saline formation. The Beiger forma 
tion was identified in logs of company drill holes. It 
covers the southwestern part of the deposit and thins 
out upslope. At the north edge of the deposit the 
Berger apparently is represented by a thin lignite bed 
that rests on kaolinitic clay just above the bauxite in the 
north face of the Poodle mine. Sediments of Saline age 
above the Berger formation are 40 to 75 feet thick.

Section 17 open-pit mine (pi. 1, no. 124)- This pit in 
the SE%NE :4 sec. 17 was partly stripped early in the 
\\ar, but the bauxite was not uncovered.

Standard shaft mine (pi. 1, no. 125}. The collar of 
this shaft, hi the NE.^NEji sec. 17, is now buried 
beneath overburden from nearby pit mines. The mine 
was owned by the Arkansas Bauxite Corp. and oper 
ated by the West Bauxite Alining Co. It was opened in 
1934 to produce bauxite for quick-hardening cement. 
The depth of the shaft is not known, but the ore is 
covered by about 50 feet of overburden.

STTJCKEY DEPOSIT

Plate 2

Stuckey open-pit mine (pi. 1, no. 127).- This mine, 
operated by the Reynolds Mining Co., was stripped by 
dragline and mined by progressive stripping of new ore 
and backfilling of waste into the miiied-out areas. 
Two pits were in operation for most of 1943 and 1944.

The deposit (type 2) lies mostly over clay of the Wills 
Point formation. The bauxite is grayish tan to brown, 
pisolitic, rubbly in appearance, and most of it high in 
iron. Pockets of bauxite within the deposit are com 
pletely replaced by siderite. Cavities in the ore, some 
several inches in diameter, are lined with botryoidal 
siderite some of which are coated with barite crystals.

Within the mined area the bauxite ranges in thick 
ness from 10 to 30 feet. It is covered by 30 to 70 feet 
of sand and clay of the Saline formation. The lower 
part, exposed over most of the pit walls, is a laminated 
dark-brown carbonaceous silty clay, covered by about
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10 feet of fine white quartz sand with some thin partings 
of brown clay. Pyritised leaves, twigs or roots, and 
seed pods were found in this bed.

EAMSEY DEPOSIT

Eamsey open-pit mine (pi. 1, no. 128).  -This small 
pit, opened and operated by the Arkansas Bauxite 
Stripping Co., is located in the S^S^NE^ sec. 9, T. 2 
S., R. 14 W. Exploratory drilling before 1942 was don*1 
by the American Cyaiiamid and Chemical Corp. and 
the Dulin Bauxite Co. Later a few test holes were 
drilled by the Arkansas Bauxite Stripping Co. Pro 
duction from, this pit is reported for the company during 
January and February of 1944, together with the 
McGuire and Willie Thomas pits in Pulaski County. 
The tonnage mined in this pit was probably small and 
operations were discontinued because of excessive 
iron content.

According to the information available, the thick 
ness of the deposit ranges from about 8 to 16 feet. 
Low-silica bauxite is generally high in iron and hioh- 
silica bauxite is low in iron. This is illustrated l\y the 
analyses from, drill hole 21 of the Arkansas Bauxite 
Stripping Co. The hole is outside the pit limits, but 
recorded the thickest section of bauxite of any logs 
available.

Analyses of bauxite from drill hole 21, Arkansas Bauxite 
Stripping Co.

Depth (feotj

40-42______ ______ .___
42-46__________________
46-50______ _ ____ __ _
50-54______ ___________
54-5S__________________

A1.O S

49. 40
51. 07
23. 21
53. 16
43. 67

SiO 2

20. 10
10. OS

S. 14
4.02
2. 64

Fe as Fe: <>

2. 20
7. 20

37. 80
10. 70
20. GO

lanition
~ loss

26. 60
°Q fi^l
29. 75
30. 02
31.49

The abundance of iron, mostly in the form of siderite, 
is interesting because of the topographic position of the 
bauxite. The deposit, although it partly overlaps 
nepheline syenite on the north side of the Saline dome, 
lies on clay of the Wills Point formation, on a saddle 
between the Bryaiit and the Saline masses. Other 
deposits and occurrences of bauxite along this saddle, 
both in outcrop and in drilled localities, are all high in 
iron.

The Ramsey deposit is covered by 15 to 50 feet of tan 
sand and dark-brown silty clay of the Saline formation.

PINE HAVEN AREA

Deposits of bauxite and high-alumina clay are found 
northwest of Pine Haven, a wartime Federal housing 
project. They are mostly in the S}4SE^ sec. 5, SW#SW}_ 
sec. 4, and NE^NWji sec. 9, T. 2 S., R. 14 W., Saline 
County (fig. 60).

The bauxite lies on the eroded clay surface of the 
Wills Point formation, and is associated with a major 
Eocene buried valley that trends southwes tward and 
south around the northwest periphery of the Saline 
nepheline syenite dome (pi. 2). The Pine Faven clay 
deposit, which includes the Pine Haven bauxite deposit, 
lies on the northwest slopes of the buried valley. A 
smaller deposit that includes three small ore bodies lies 
on the southeast side of the valley on a low ridge on the 
Midway surface.

The deposits are covered by reel to brown sand and 
clay of the Saline formation. Part of the Pine Haven 
deposit crops out, but the small body in sec. 9 is covered 
by 40 to 65 feet of overburden.

The gray clay and lignite of the Berger formation is 
absent above the deposits although it is thin over the 
buried valley bottom between deposits. The high- 
alumina clay is probably of the bauxite-kaolin zone of 
the Berger formation, but a large part of the bauxite 
probably is reworked in the basal Saline sediments. 
The deposits are probably largely type 4.

The only mine in the area was the Fletclier-Hudspeth- 
Harris open pit (pi. 1, no. 129), NWKNE^ sec. 9, T. 2 
S., R. 14 W., operated by S. E. Evans Construction Co., 
also by Leydig and Fleming. It was abandoned because 
of excessive siderite in the bauxite.

PINE HAVEN DEPOSIT

By Edwin A. Brown

Plate 38

This deposit lies in the SW^SWK sec, 4 and the 
SJoSEK sec, 5, T. 2 S., R. 14 W. The bauxite which 
was trenched and drilled by the Republic Mining and 
Manufacturing Co. in their early explorations, crops 
out in the northwestern part of the deposit. In 1943 
the Bureau of Mines drilled 29 holes spaced about 1,000 
feet apart on a triangular grid in sees. 4, 5, 8, and 9 
in a search for large deposits of high-alumina clay. 
Four of these holes were within the bauxite deposit, 
and in March 1945, 12 more holes were drilled by the 
joint Federal project to delimit the ore body, but the 
program was not completed (Malamphy and others, 
1948, v. 16, p. 107-120, figs. 108, 115, and 116).

The deposit lies on a southeasterly slope on the north 
side of a large valley cut in the surface of the Wills 
Point formation (pi. 2). Nepheline syenite crops out 
1 mile southeast and 2% miles northeast, and rocks of 
Paleozoic age crop out 2 miles to the north. The 
deposit is separated from the nearest outcrops of nephe- 
liue syenite on the post-midway surface by broad 
valleys that do not now contain evidence of former 
presence of bauxite. Nepheline syenite, therefore, does 
not seem to be a likelv source for the bauxite of the
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deposit. The rocks of Paleozoic age exposed upslope, 
although a possible source, are a considerable distance 
away. No good evidence was found to indicate the 
source of the bauxite.

The bauxite-kaolin zone ranges from 5 to 45 feet in 
thickness in the area of the deposit, and it consists of a 
lower kaolinitic part and an upper bauxitic part. The 
lower kaolinitic part is red-stained, cream to gray clay 
2 to 15 feet thick. In drill hole USBM 12-504 a thin 
carbonaceous clay bed was cored near the top of the 
kaolinitic underclay. The upper bauxitic part ranges 
from a few feet to 35 feet and averages 25 feet in 
thickness.

The lower third of the bauxitic interval is formed of 
fragmental kaolinitic clay, bauxitic clay, and low grade 
bauxite containing scattered fragments of orange to 
tan and brown pisolitic bauxite. This may represent 
a type 2 deposit, although little of the material is of 
ore grade. The upper two thirds of the bauxitic 
interval contains the ore, which is tan, gray, or cream 
colored mealy bauxite, and rubbly pisolitic bauxite. 
The thickness of minable bauxite ranges from a few 
feet to about 15 feet (pi. 38). The northeastern ex 
tension of the deposit contains, in the upper rubbly 
part of the bauxite, abundant small gray to black 
soft pisolites covered by black, hard rinds. The 
rubbly bauxite is similar in appearance to much of that 
in type 4 deposits in Saline County, and may represent 
such a deposit at the base of the Saline formation.

Graphs of the available alumina and the alumina- 
silica ratio of the analyzed intervals from the drill holes 
show a consistent trend throughout the deposit. From 
bottom to top of the bauxite-kaolin zone, the curves 
rise to a low peak in the lower bauxitic interval (type 2 
deposit), decline, then rise to a higher peak in the upper 
bauxite (type 4 deposit).

Erosion of part of the bauxite-kaolin zone and the 
bauxite in Saline time and later is indicated by the 
absence of a kaolinitic overclay, and by the outcropping 
of bauxite in a part of the deposit.

The deposit is covered by as much as 32 feet of yellow, 
tan, and brown sandy clay and dark chocolate brown 
silty clay of the Saline formation. Gravel beds were 
logged in some of the drill holes. Gray carbonaceous 
silty clay and lignite of the Berger formation were not 
present, although they are found less than one-half mile 
to the southeast.

OTHER ECONOMIC DEPOSITS 

HIGH-IRON BAUXITE

Some bauxite bodies have an iron content high enough 
to make the commercial extraction of alumina unpro 
fitable by present processes. Iron impurities are of 
two principal types: (1) those in which the iron occurs

mainly as the carbonate, siderite, and (2) those in which 
iron oxide minerals predominate. As already pointed 
out, the distribution of siderite is spotty, although it 
occurs in all the buried bauxite deposits.

Bauxite that contains a large amount of ferric iron 
oxide is concentrated in two principal areas. The 
most important one is between the Alexander Mc\m- 
tain and Saline nepheline syenite hills in Saline County, 
in a large area underlain by clay of the Wills Point 
formation, surrounding and west of the Hurricane 
Creek alumina plant. High-iron bauxite in this r.rea 
is found in outcrops and to a depth of about 150 feet.

Another area of high-iron bauxite is immediately 
west of the Saline dome, extending for a couple of miles 
above the surface of the Wills Point formation. All 
the high-iron bauxite deposits in this area are bured, 
most of them under more than 200 feet of overburden.

These deposits might conceivably become of commer 
cial interest under conditions of bauxite, shortage and 
if a process were available by which both alumina and 
iron might be recovered.

CLAY

HIGH-ALUMINA CIAY

Extensive deposits of high-alumina clay are found in 
association with the bauxite deposits that fringe the 
buried nepheline syenite hills in Pulaski and Saline 
Counties. The bauxite bodies grade both laterally 
and vertically through bauxitic clay into the surround 
ing high-alumina clay. This high-alumina clay p,nd 
bauxite constitutes a facies of the Berger formation 
along its upslope edge and commonly is referred to as 
the bauxite-kaolin zone. The bauxite-kaolin zone 
attains a maximum thickness of 80 feet, but in most 
places does not exceed 60 feet.

A typical kaolinitic clay of this zone contains more 
than 35 percent of alumina, less than 45 percent of 
silica, and less than 5 percent iron oxide. Analyser of 
many clay samples surrounding bauxite bodies in 
Arkansas have been given by Malamphy and others 
(1948). The principal impurities in the clay are siderite 
locally oxidized to limonite, ilmenite, carbonaceous 
matter, and local biotite. The spotty distribution and 
local concentration of impurities in this clay has b^eii 
the principal deterrent to its use thus far.

The distribution of the high-alumina clay deposits 
fringing the Pulaski nepheline syenite hill are shown in 
plate 39. Data are not sufficient to prepare a similar 
map for Saline County. Tracey (1944, p. 246, 249) 
has given what he called a conservative estimate that 
the Arkansas bauxite region contains at least 100 mil 
lion tons of high-alumina clay that is covered by no 
more than 50 feet of overburden.
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CERAMIC CLAY

Haw clay lias been mined from a few small pits in 
the vicinity of Beiiton for more than 50 years for use in 
the manufacture of white ware and other pottery. 
Several analyses of this clay from old pits in this a.rea 
have beengiven by J. C. Brainier (1898, p. 62). This clay 
has all come from gray clay lenses in the gravel and 
sand fades of the Saline formation. In the past few 
years most of the pits have been abandoned and many 
are obliterated. During the forties most of the clay 
being mined in central Arkansas has come from beds 
of Wilcox age in the vicinity of Malvern and only one 
pit in the bauxite region, the Hicks or Old Leach pit, 
has been mined at infrequent intervals by the Niloak 
Pottery Co.

FULLER'S EARTH AND BENTONITE

The first fuller's earth produced in the United States 
came, according to Brainier (1912, p. 520), from a bed 
of Tertiary clay near Alexander, Ark. Presumably 
this clay was from one of the gray marly clay beds now 
included in the Kincaid formation. It was used by the 
Southern Cotton Oil Co. of Little Rock, but only for a 
short time, as it proved unsatisfactory (Lang and others, 
1940, p. 4).

Bentonite has been mined sporadically from deposits 
in the iindifferentiated Claiborne and Jackson groups 
in Saline County. According to the Arkansas Geo 
logical Survey (1942, p. 15, 39-41) 3,484 short tons were 
produced from 1933 to 1938 at the Palmer deposit in 
the SE&SE^ sec. 13, T. 2 S., R. 13 W., and the Long- 
Bell deposit in the NE)iNE^ sec. 23, T. 2 S., R. 13 W.

GRAVEL

A large amount of gravel has been mined from the 
gravel arid sand facies of the upslope edge of the Saline 
formation. According to severance tax records filed 
with the Arkansas Geological Survey the production 
during the 18-year period from 1923 to 1940 in Saline 
County was 2,501,216 cubic yards, of which by far the 
greatest part was from the Saline formation. The 
principal producing localities have been the Haskell- 
Dickinsoii, Kertin, and the Ball-Beiiton gravel pits 
near Beiiton.

LIGNITE

Although lignite beds are fairly common in the Wilcox 
group, particularly in the Berger formation, all are 
lenticular and many contain a large amount of clay. 
The spotty distribution of these deposits makes a 
general estimate of reserves impossible without de 
tailed drilling.

Lignite at the base of the Detonti sand was found in 
several bauxite drill holes in the southern part of sec. 
33, T. 2 S., R. 14 W. and the northern part of sec. 4, 
T. 3 S., R. 14 W., the location of which has been shown

in a map published by the U. S. Bureau of Mines. The 
lignite here lies beneath an overburden of one to 51 feet 
of sand. This is possibly an extension of the deposit 
mined on a small scale and for a short time at a locality 
in the SE^SWtfSEtf sec, 8, T. 3 S., R. 14W. The lignite 
which broke easily into large blocks was sold to a 
cleaning and dyeing establishment in Bentoii (Ark. 
Geol. Survey, 1942, p. 91).

LIMESTONE

Hopkins (1893, p. 142) reported that the Tertiary 
limestone now included in the Kincaid formation was 
formerly burned for lime at Little Rock near the old 
penitentiary and also about a third of a mile north 
of the county hospital, and on Fourche Creek near 
Olsen switch* SE}^ sec. 8, T. 1 S., R. 13 W., Pulaski 
County. The limestone is not of good quality and 
deposits are few, but their relative isolation from other 
larger and more suitable deposits gives them some 
local value.

Several of these deposits and their nearby subsurface 
extensions have been investigated by the Arkansas 
Geological Survey (Corbin and Heyl, 1941) as a possible 
source of agricultural lime.
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type 1 deposits.. ____.______._. 108 
type 2 deposits._.___.__.-__________ 124
type 3 deposits..._.____--_-________ 132
type 4 deposits..._____________... 136 

Sphene     --.. .         63,64,67,68,90,111
Spiropltctammina cretosa...... -_..__-__... 24,34

witcoxensis..... _____-___.-..___.- 24
"Sponge ore."______.-...-....-... 91,110, 111, 147
Spring Hill mine.-.__._..__ 119,164-165, 252; pi. 1 
Standard mine._._______ 164-165,252,253; pi. 1 
Standard 80 shaft mine_____.____ 164-165,225 
Steam Shovel mine_..-.--_--.---_-___. 119,164^165 
Stratified bauxite...--..------------_-.--.__ 81,82,102
Stratigraphie sections_____ _______ 15-16,

17, IS, 19,40-41,44,47,48-49,51,56,57 
Stringtown mine................ 119,164-165, 227; pi. 1
Stuckey mine. ___-_ 88,92,130,164-165,252,253; pi. 1 
Superior miiie_____  _._...._._____ 164-165
Sweet Home embayment_.____... 170,172; fig. 58 

bauxite deposits in_____ _____ _ 172-179
thickness of bauxite deposits_________ 172

Sweet Home mine- ______ 130,164-165,175,177; pi. 1

T
Tank mine-..--...-_.-..----.-.-. 109,119,164-165,252 
Tori.es sp.   -----_._.___..______ 54

Page 
Tehuacana member _.-..___ _.. 13,14,16,17,18,21. 23
Tellina sp.. .-_____,_______________- 22
Temperature, in formation of tropical soil__-. 143 
Terminalia lesleyana..... ______________.-..- 54
Tertiary deposits, undifferentiated__.____ __ 58-59
Textularia midwayana-.___________.----_--  24

plummerae arkansasana.-.... _-..._-__.. 24,34
Thecachampsa.- ______._._..__...... 23
Thorpe mine............... 133, 164-165,174, 175; pi. 1
Tinguaitic border rocks--_.______.. 64,71,180 
Tltanaugite..--   - -_   -_-     -   64,66,69 
Titania...   --_.   _- _________ 93-94,109
Titanium minerals.-____.__-________-_ 89-91 
Tokio formation_,.__-__..____________ 70
Topography__________________ _ _______ 4
TornatelJaea cf. T.texana-..................... 22
Tourmaline___________._______.  92,101
Towns, principal.-_____________.. 3
Townsend mine-     134,137,164-165, 229, 231; pi. 1 
Townsend 40 mine.-.__.. _________. 164-165 
Trachitic dike..-.-.____-_._._____---________-- 69
Trachyte porphyry..____.___....__   69
Trinity formation... ______._____.__.__ 70
Triticites ..................................... 55
Turritetta- ............................ 13,17,18,23

alabamiensis... ______.___..-   -------- 22
cf. T. humerosa.--.--.. ______   -..._...... 22
cf. T, mortoni mediaria... .______-.-  ..   22
cf. T.saffordi............................... 21
n. sp_____.____.__ ______---- 21
sp   -           .  -----.         22

Type 1 deposits..---__-_._____--___---   --_--. 102
chemical analyses-.------___...   -   110
claybodies- .-.-     - 113,115,116
diagrammatic section.--------____..._-- 104
distribution._____.__.________... 102 
hardcap-...---..---------------_--------- 111
kaolin-bauxite transition__--------_..-_ 117-119
kaolin veins-_--_-___-------------_------_- 111
kaolinized nepheline syenite boulders ... 116 
lithologic character.-..__...      _..--. 108 
mines in__------.-_._-._.._-____-_------__-- 119
origin -     _._.______._-_-   __.  146-147
range inaltitude______-._________.--__ 102
relation to post-Midway erosion surface.-- 102-103 
residual kaolinitic underclay____--_-.-. 105
spectrographic determinations, minor ele 

ments in_____...____..__ 108
tliickness___...____.- --____-__ 104
underlying rocks.______ -...   -_-- 102
zone of concretion.-.___... _-    ___  104

leaching____.____________ 104,107
Type 2 deposits, bauxite-kaolin facies  ...   120

chemical analyses___   _-.-.     122-123
diagrammatic section _._._  ..   120
distribution...___...__..__    __ 119
hardcap        ..  --..     - 121,128
lithologic character- -   _-_.    . 122-123,125 
mines in____.__._._.___.__.. 130 
origin______....______._....-- 149
overclay._______-____________-. 129
range in altitude_____-_--___-____--_-.- 119
relation to other deposits. - ___ - - _   129-130 

post-Midway erosion surface.-  ..   119 
spectrographic determination, minor ele 

ments.___-._____.--.-____ 124
thickness.------_-._----_----____------_---- 120
underclay.------_-------__-___.__     124
underlying rocks__.._-___ -...    114 
vertical distribution....____-.     -.-- 121
Woodyardville area__--------------___ 121
zone of concretion. ___________-.--   -- 120,125,151

leaching____________....__ 120,151
Type 3 deposits, distribution.-...___._..-. 130 

hardcap.--.----.-.-------------------- 132-133
lithologic character._   ____-------- 131
mines in__..__________________..-__. 133
origin  --_--___________-__--_-_------- 151-152
overclay_________._____      133

Type 3 deposits Continued
relation to enclosing deposits... __ _ ___ 133 

underlying surface__...__.___ 130-131 
spectrographic determination minor ele

ments.. .________._____ 132 
thickness_...__________._____ 131 
underlying rocks...._______.___ 130

Type 4 deposits, distribution..._____ - _ ___ 133 
lithologic character.___________..-. 134
mines in__-.-.__....___.___...__ 137
origin. . ......________._____ 152
relation to other sediments of Saline forma 

tion. ._____________-...._ 137
underlying surface-_______ -___ 134 

thickness.- ___...____________ 134 
underlying rocks..._____________ 133-134

U 
Ulmer mine.--.---------_-.---.-.- 164-165, 23.; pi. 1
Underclay, fragmental_..--.____..---__.- 120,

121, 124, 126, 178, 186, 191,194, 195, 200
residual-     ... __..__________. 105

Uses of bauxite---   __     __--_____.____... 166

Vaginunna lonyiforma. ._-_______-__-_-__--_--__ 24, 35
midwayana. ..... _______________________ 24,35

Valvulineria allormorphinoides________-.-__ 36
wilcoxemis.... .._________________ 24

Vegetation.--.__________._____ 5
VeneTtcardia.................................... 17,18

(Venerkor) smithii.................... ___... 21
(Venerkor) n. sp___________________ 21

Vertebrate fossils_________________._ 23
Vick mine__----__.--_----_-.--------- 103,164-165,185
Vinson-Hoffman mine-__________ 130,164^165,185
Virgulina ivilcoxensis.. .____.___....__._ 24,35
Washer mine_____. ______  ._ 119,164-165 
Weathering process, climate______----.____ 142

controlling factors._       _.._________ 142
diabase to bauxite.______.________________ 141
effect of altitude_________.__________.--._-. 143

temperature-. _-_____________...._ 143
factor, nepheline syenite  -_--._____ 60
lateritic_   -_____-_--._________ 72
organic matter in ground water____._-- 144 
porosity of rocks____ -...__ ___.. -- 143
time._______-.__. _._......__  145
water table______._................. 144

Weiss mine  -----_-_. 79,130,164-165,184-185; pi. 1
Wells, Hensley No. 1__________.___ 58 

Long Bell No. I......._...___....._..-..... 14,27
Youngblood No. 1.__. _____.___ 14,27 

West Elrod open-pit mine.___. 164-165, 219-22C; pi. 1 
West Maud Extension mine  ---- 164-165, 250; pi. 1
West Maud mine _......... 110,164-165, 251; pi. 1
West Ozark mine...-  _ _   . 164-165, 23,5; pi. 1 
Westminster Church mine. . 130,164-165, 17f; pi. 1 
Whitley mine  .............. 130,164-165, 229, 232
Wilcoxgroup, chemical analyses of clay. ------ 29-31

contact with Claiborne group____       38 
drillhole  -----....___-..._______ 67
general features_--___.-_____..___ 38 
gravel- -   _____________._ 16 
rutilein .................................. 90-91
silicifled wood in_______________.. 58
structural relationship___________. 70
total thickness___.__..____._-   .. 38 

Willie Thomas mine. ........ 130,164-165,17:^ pi. 1
Wills Point formation, bauxite deposits, thick 

ness. ._______________ 99
chemical analyses of clay_________ 2.-31,41 
clay.....   --       _         - 28
color distribution-_.._.______._ 31-32 
condition of deposition__. __. ___. _ 37-38 
derivation of name__ ____._..-  . 25 
distribution and surface outcrop.._-._ .. 14,25 
Foraminifera in.. _........................ 34-36
fossils and correlation__.--._______.. 33-34
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Willi Point formation Continued Page 
Kerens member.----------.---------------- 25
lithologic character.-..________.. 11,27,29-31 
Mexia member----------------------------- 25
Ostracoda.   -    -         -     - 34-36 
outcrop, State mental hospital ___--____--_ 17
Pisgah member_____-___-___-___-______-_ 17
relation to underlying rocks__---__--____--_ 33
section, McNeil Creek___-------------- 17

Salt creek- _________.______ 17
thickness__.__..-__------------------- 27
weathering proflle._____-_-____ 32,33,100,1S7
X-ray examination clay .__--------____--- 29

Page
Winnmine.   -- --  43,130,164-165, 207; pi. 1 
Woodbine formation   ___---_----__---_.--- 70 
Wooclson magnetic anomaly____---____-____- 69

nepheline syenite hill-__----___---_--------- 47
Woodyardville area.----------- 43,121,170,179; fig. 58
Wright (open-pit) mine ------- 164-165,183; pi. 1
Wright (shaft) inine_-_.--_- 130,137,164-165,177; pi. 1

X-ray analysis, black cherty pebbles, Fletcher
mine.-.-____________------ 132

clay of Wills Point formation ------------   29

X-ray analysis, etc. Continued Page 
granitic-textured bauxite.------------------ 111
hardcap specimens, type 2 deposits.----- - 128
pisolitic bauxite, East Bauxite deposit ___- 126 
"sponge ore"..---------------    -      111

Young mine.---.----.------ 130,137,164-165, 249; pi. 1

Zircon      -     -  91,92,93,99,101,110,111
Zone of concretion_______    _  104,120,125,151

leaching..------------------------ 104,120,147,151
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